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FOREWORD 


ELECTRICITY is the greatest force known to 
mankind. 


ELECTRICITY is leaping ahead at an unbeliev- 
able rate. It is moving into practically every part 
of the world and has become the most important 
factor in modern civilization. Practically every 
month the Kilowatt hour demand sets a new high 
—it has been doing this for the past 25 vears. 
ELECTRICITY, even though it is one of Amer- 
ica's youngest industries, already employs directly 
and indirectly over 3 million people. 


All of our marvelous developments in Radio, Tele- 
vision, Electronics, Radar, etc, employ electrical 
power and the principles of Electricity. It is truly 
one of the world's greatest industries. 


. Because of the tremendous opportunity in the 
field of Electricity, there have been many books 
written on the subject. Most treat with one specific 
phase of Electricity. This set of books — Coyne 
Practical Applied Electricity (of which this volume 
you now read is an integral part)—covers the en- 
tire field. 


This set is NEW. It includes the very latest 
methods and explanations of Electrical installation, 
operation and maintenance. 


COYNE PRACTICAL APPLIED 
ELECTRICITY WRITTEN BY A STAFF OF 
EXPERTS 

Most Electrical publications are written by one 
man and can therefore only cover his own specific 
knowledge of a subject. COYNE PRACTICAL 
APPLIED ELECTRICITY, however, represents 
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the combined efforts of the entire Coyne Electrical 
School Teaching Staff and the assistance of other 
authorities on the subject. These men have a wide 
field and teaching experience and practical knowl- 
edge in electricity.and its allied branches. 


HOW THIS SET WAS DEVELOPED 
In submitting any material for these books these 
experts kept two things in mind —1. MAKE IT 
SIMPLE ENOUGH FOR THE "BEGINNER"— 
2. MAKE IT COMPLETE, PRACTICAL and 
VALUABLE FOR THE “OLD TIMER”. All 
material that was submitted for these books by any 
individual was then rewritten by an editorial group 
so that added explanations for the benefit of clar- 

ity and easier understanding could be included. 


You will note that in some places in this set we 
have explained and shown illustrations of the earlier 
types of Electrical equipment. We had a definite 
purpose in doing this, namely, that many of the 
earlier types of equipment are easier to understand. 
The basic principles of these earlier machines are 
the same as the modern equipment of today. Mod- 
ern equipment has not materially changed in prin- 
ciple—it is merely refined and modernized. We have 
found that it is to these early beginnings we find 
it advisable to turn to get a more complete under- 
standing of the present advanced types of electrical 
apparatus. 


Coyne Practical Applied Electricity can pay you 
big dividends every day "on the job". However, if 
you only use the set occasionally when you MUST 
BE SURE before going ahead on a job—the set 


will pay for itself many times over. 


Coyne Practical Applied Electricity is to an 
electrician what a set of complete law books is to 
a lawyer or a set of medical books is to a doctor. 
Regardless of whether a lawyer or a doctor is "just 
starting out" or is an "old timer" and has been 
practicing his profession for many years he has 





many occasions to refer to his reference books. 
Many doctors and lawyers spend thousands of dol- 
lars on complete sets of reference books—they find 
it a very wise investment. 


In ELECTRICITY the need for good reference 
books is just as great. So, when you make a pur- 
chase of this set you are not just buying a set of 
books—you are making an investment in your fu- 
ture that can pay dividends all your life. 


PRESIDENT 
COYNE ELECTRICAL SCHOOL 
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HOW TO USE 
THIS SET OF BOOKS 


a, . . he . 
Coyne Practical Applied Electricity will be of 
use and value to you in exact proportion to the 
time and energy you spend in studying and using it. 


A Reference Set of this kind is used in two 
distinct ways. 


FIRST, it is used by the fellow who wishes to 
make Electricity his future work and uses this Ref- 
erence Set as a home training course. 


SECOND, it is especially valuable to the man 
who wishes to use it strictly as a Reference Set. 
This includes electricians, mechanics or anyone 
working at any trade who wishes to have a set of 
books so that he can refer to them for information 
in Llectrical problems at any time. 


You. of course, know into which group you fall 
and this article will outline how to properly use 
this Set to get the most value for your own per- 
sonal benefit. 


How To Use This Set As A Home Training 
i Course In Electricity 


The most important advice I can give the fellow 
who wishes to study our set as a home training 
course in Electricity is to start from the begin- 
ning in Volume 1, and continue in order through 
the other 6 volumes. Don’t make the mistake of 
jumping from one subject to another or taking a 
portion of one volume and then reverting back to 
another. Study the set as it has been written and 
you'll get the most out of it. 


Volume 1 is one of the most. important of the 
entire Set. Every good course of training must have 
a good foundation. Our first volume is the founda- 
tion of our course and is designed to explain in 
simple language terms and expressions, laws and 
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rules of Electricity, upon which any of the big instal- 
lations, maintenance and service jobs are based. 
So, become thoroughly familiar with the subjects 
covered in the first volume and you will be able to 
master each additional subject as you proceed. 


One of the improvements we made in this set 
was to add "review" questions throughout the 
books. You will find these questions in most cases 
at the end of a chapter. They are provided so “he- 
ginners” or “old timers” can check their progress 
and knowledge of particular subjects. Our main 
purpose in including the “review” questions is to 
provide the reader with a “yardstick” by which he 
can check his knowledge of each subject. This fea- 
ture is a decided improvement in home study ma- 
terial. l 


Improved Method of Indexing 


One of the features desired in any good electrical 
set is a good indexing system. Without it, any set 
doesn’t mean much because a fellow cannot find 
out what he wants to know without spending a lot 
of time. When we planned this set of books we 
made sure it had the most modern system of in- 
dexing. Here is how these books are indexed. First, 
you will note at the front of all books that we have 
a TABLE OF CONTENTS. This outlines in a 
general way what the book covers. Then, at the 
back of each individual volume we have an INDEX 
of each specific subject covered in that volume: 

In addition, we have a MASTER REFERENCE 
INDEX at the back of this volume. This is an in- 
dex that lists ALL of the specific electrical & radio 
subjects in ALL of the volumes. This MASTER 
REFERENCE INDEX tells you the name of the 
electrical subject, the volume it 1s to be found in 
and where it can be found in that volume. This 
modern 3 way method of indexing gives you the 
opportunity to locate any subject covered in these 
books quickly and accurately. , 

For the special benefit of the fellow desiring to 
learn Electricity at home, we have prepared a great 
number of diagrams and illustrations. Refer to these 
pictures and diagrams in our books regularly. 


* 
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How To Use Coyne Practical Applied Electricity 
Strictly As A Reference Set 


The man who is interested in using these books 
mainly for reference purposes will use it in a little 
different way than the fellow who is trying to learn 
Electricity as a trade. Some of the types of fellows 
who use this set strictly for reference purposes are: 
home owners, electricians or mechanics, garage 
owners or workers, hardware store owners, farmers 
or anyone who has an occasional use for electrical 
knowledge. Those types of fellows should use this 
set in the following manner. 


Use The Master Index To Locate 
Electrical Subjects 


If some particular type of electrical problem pre- 
sents itself, refer immediately to the Master Refer- 
ence Index in this volume — it will give you the 
section and volume of this set in which the subject 
1s covered. 


Then, turn to that section and carefully read the 
instructions outlined. Also read any other sections 
of the set mentioned in the article. As an example, 
in checking over some information on electric mo- 
tors, some reference might be made to an electrical 
law of principles contained in Volume 1 of the Set. 
In order to thoroughly understand the procedure to 
follow in working out the electrical problem, you 
should refer to Volume 1 and get a better under- 
standing of the electrical law on principles involved. 


Thousands of men use this Set in their daily 
problems, both on the job and around the home 
as well. If you follow the instructions outlined you 
will be able to locate any information you may 
want at any time on your own electrical problems. 


And here's a very important point. Although 
this set of books starts in Volume 1 and proceeds 
through the other 6 volumes in order, it makes an 
ideal home study course—nevertheless, any individ- 
ual book in the series is independent of the others and 








can be studied separately. As an example, Volume 
3 covers D.C. motors and equipment. If a man 
wanted to get some information on D.C. machines 
only he could find it completely covered in this 
volume and it would not be essential to refer to any 
other volume of the set unless he wanted some 
additional information on some other electrical 
principle that would have a bearing on his problem. 


This feature is especially beneficial to the “old 
timer" who plans to use the set mainly for field 
reference purposes. 


We believe, however, that the entire set of 7 vol- 
umes should be read completely by both the “begin- 
ner” or the expert. In this way you get the greatest 
benefit from the set. In doing so the experienced 
Electrician will be able to get very valuable informa- 
tion on subjects that he may have thought he was 
familiar with, but in reality he was not thoroughly 
posted on a particular subject. 





ELECTRICITY, AND HOW IT BEHAVES 


Among all the ideas about what electricity is and 
how it acts there is one theory that will help us a 
great deal in understanding all electrical devices, 
even those of radio and electrochemistry. To ex- 
plain this theory we may start by considering a 
molecule. A molecule is the smallest particle of any 
given substance. For example, a molecule of salt 
is the smalest particle of salt which may exist and 
still remain salt. If we further divide a molecule of 
salt we no longer have salt, but have one atom of 
the element sodium and one atom of the element 
chlorine. 

Of the elements there are ninety-two in all, 
among them being sodium and chlorine along with 
such familiar things as iron and such unfamiliar 
ones as protoactinium. These elements combine in 
various ways to make up all known substances. 
Water, as you probably know, consists of two atoms 
of the element hydrogen and one atom of the ele- 
ment oxygen. 

Every atom is believed to include in its makeup 
a central part, often called the proton, and around 
this central part one or more electrons. The central 
part of the atom remains fixed in its position, but 
under certain conditions some electrons may be- 
come separated from the atoms and wander loose 
or become associated with other atoms. 


The electrons are considered to be particles of 
electricity itself. When electrons move through the 
body of’a substance, as through a copper wire, we 
have moving electricity or the electric current. 
Application of sufficient electrical force will cause 
electrons to leave the substance and travel through 
the surrounding space. This is what happens in 
radio tubes, in television tubes, in X-ray tubes, and 
in fluorescent lamps. | 

No one has yet seen an electron. [t has been 
said that an electron in an atom would be compar | 
able in size to a fly in a cathedral. The atom, in 
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turn, is far smaller than a molecule. And a mole- 
cule may be of such size that eighty million of them 
side by side would extend. for one inch, and of such 
weight that ten million, million of them would 
weigh about five millionths of a millionth of an 
ounce. From this you see that an electron is almost 
unbelievably small. 








— 


Fig. 5. Large D. C. generator. It is rated as follows, 2000 Kw.. 
250 V., 8000 I. After carefully reading the pages om units and 
symbols, you should easily understand this rating. 


Even more important than knowing what elec- 
tricity really is, is to know how it can be controlled, 
how to select, install and maintain electrical equip- 
ment, and what to do when things go wrong. Then 
you can handle machinery as big as the generator 
of Fig. 5. It is important to learn enough about the 
rules and laws governing the behavior of electricity 
so that you may think for yourself in any emerg- 
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ency. This does not mean that you need study 
electrical engineering, for that involves higher 
mathematics and other sciences, but it does mean 
that you should be thoroughly conversant with prac- 
tical electricity or applied electricity. 


WHAT ELECTRICITY WILL DO 

Before getting on with our classification of elec- 
trical apparatus and devices there are two facts 
about electricity that should be understood. 

To begin with, energy may exist in many differ- 
ent forms such as mechanical energy, chemical 
energy, electrical energy, heat energy, light energy, 
physical energy, etc. According to a basic law, 
these different types of energy cannot be created, 
nor can they be destroyed; however, they may. be 
readily converted from one form to another. 

First: at least ninety-nine per cent of all useful 
applications of electricity require that the electricity 
be in motion. Electricity standing still is no more 
useful, so far as doing work is concerned, than is a 
stationary belt between a steam engine and a ma- 
chine which is to be driven. Electricity in motion 
is called the electric current. If you knew all there 
is to know about the behavior of moving electricity 
you could stop right here and get a job at fifty or a 
hundred or more thousands of dollars a year—for 
you would know more than anyone else who ever 
has lived. 

Second: electricity in motion, or the electric cur- 
rent, provides the most effective means ever dis- 
covered for carrying energy from one place to an- 
other, and of changing one form of energy to an- 
other form of energy. To make this statement 
clearer we should know the meaning of energy. 


Energy enables you to shovel coal. Energy is the 
ability to do work. The physical energy you put 
to use when shoveling coal is converted to energy 
of motion. The whirling fly-wheel of a steam engine 
or a, gasoline engine contains energy of motion, 
which we may call mechanical energy. Any and 
every moving object contains this kind of energy. 
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The stone thrown by a small boy contains energy 
of motion, which will do the work of breaking 
a window. 


Heat is another form of energy. As you well 
know, heat will do many kinds of work. In Fig. 6 
heat from burning coal does the work of changing 
water into steam, and expansion of the steam runs 
the steam engine to produce energy of motion. 


This energy of motion is carried by the belt to the. 





BOILER 








Fig. 6. Sketch showing how heat energy of coal is changed into 
mechanical energy by the engine, then to electrical energy 

by the generator, and into heat and light again hy the lamp. 

electric generator, which converts this mechanical 
energy into electrical energy. The energy which is 
in the moving electricity is changed in the lamp to 
a great deal of heat energy and also to quite a bit 
of the energy which is light. 


Light is a form of energy because it will produce 
electric current in a photo-voltaic cell, will regulate 
flow of electricity through a phototube, will change 
the rate at which electricity may flow through a 
piece of selenium, and will do the work cf producing 
a latent image on the photographic film in your 
camera. 
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The dry cell in your flash lamp and the storage 
battery in your automobile contain chemical energy. 
When chemical changes take place in the flash lamp 
cell or the automobile battery these changes pro- 
duce the energy which is electric current. This 
moving electricity will produce heat and light in the 
flash lamp or in an automobile headlamp, will pro- 
duce motion in an automobile starting motor, will 
produce sparks at the spark plugs in the automobile 
engine, and will produce sound from the auto horn. 


Sound is a form of energy, because sound waves 
really are vibratory movements of air or other sub- 
stances through which sound travels. Any motion 
requires energy. 2 

One of the most important and interesting kinds 
of energy is radiant energy which travels through 

` a complete vacuum even better than through air, 
and which will travel through other gases, liquids, 
and even through solids. It is radiant energy, or 
radiation, which is responsible for the transmission 
of radio signals, for X-rays, for the radiant heat that 
comes to the earth from the sun through 93 million 
miles of empty space. 

By the use of suitable apparatus any form of en- 
ergy may be converted to electrical energy. Me- 
chanical motion, heat, light, chemical energy, sound, 
and radiation—all are capable of producing an 
electric current. 

The energy of the electric current, or of electricity 
in motion, may be converted to any other form 
of energy—mechanical motion, heat, light, chemical 
energy, sound, or radiation. It is just a matter of 
using appropriate apparatus. ' 

Now we are commencing to get at the reasons 
why electricity in motion is the greatest and most 
important force in the world. It is the universal 
means for changing one kind of energy into other 
kinds. It is the only means by which we may trans- 
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mit power in large quantities from where it is 
cheaply or conveniently produced to somewhere 
else, hundreds of miles away, where the power may 
be used to advantage. 


ELECTRICAL CONDUCTORS 


Many of the electrons in a piece of copper are 
easily separated from the atoms. That is, the appli- 
cation of a relatively small amount of electrical force 
will cause great quantities of electrons to separate 
from the atoms and move through the copper. Since 
movement of electrons means that we have an elec- 
tric current, we are saying that it takes but little 
electrical force to produce a large electric current in 
copper. The same electrical force applied to silver 
will cause slightly greater quantities of electrons to 
break away from atoms and move through the sil- 
ver. The same force applied to hard steel will cause 
movement of only about one twenty-fifth as many 
electrons as would be moved in copper, or would 
produce a current only one twenty-fifth as great. 


Here is a list showing the relative numbers of 
electrons which will be moved by a given electrical 
force in a number of metals and in graphite. Of 
course, this list shows also the relative rates of cur- 
rent flow in these substances. 


Silver se ea 1,058 eadp eee ees 84 
Copper) eee 1,000 Nickel silver ... 52 
Goldie eme 706 Steel, hard ..... 38 
Aluminum ............ 610 Cast iron. .......... 20 
Zinc. s e tu 295 Mercuty: 32.2.2 17 
Nickel eee 172 Nichrome ...... 17 
Platinum .............. 157 Graphite ............ 2% 
Steel, soft ............. 108 


As you quite likely know, the electrical force 
about which, we are talking is measured in a unit 
called the volt. It takes an electrical force or pres- 
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sure of 100 to 120 volts to drive electricity through 
an ordinary household incandescent lamp at a rate 
which causes the lamp to light with normal brilli- 
ancy. Each small dry cell in an electric flash lamp 
is capable of delivering a force or difference in pres- 
sure of 12 volts. Each cell of an automobile storage 
battery is capable of delivering a force of 2. volts, 
and in the usual three-cell battery there is available 
a total force of 6 volts. 


Any substance in which an electrical force or 
electrical difference in pressure will separate rela- 
tively large quantities of electrons from the atoms, 
and cause the electrons to move in a steady flow 
through the substances, is called an electrical con- ` 
ductor. Not only all the metals in our list, but all 
other metals are conductors. Some, like copper and 
aluminum, are good conductors—meaning that they 
permit flow of many electrons or of a large current 
with relatively little force. Others, like soft steel, 
are fair conductors. Still others. like Nichrome, are 
very poor conductors and are used where we wish 
deliberately to hinder or resist the flow of electric 
current, 


Copper is by far the most important electrical 
conductor, both because of the ease with which it 
permits flow of current and because of its abundance 
and low cost. ‘Next in industrial importance comes 
aluminum, and third is steel. Steel frequently is 
used not only in electric wires, but also where it 
‘already forms part of a structure or framework in 
which it is desired to carry the electric current. 
Some liquids are excellent conductors, notably 
water in which has been mixed any kind of salt or 
any acid. ; 
INSULATORS 


If two copper wires or other conductors should 
touch each other while carrying electric currents, 
electricity from one conductor would pass into the 
other and thus would escape from the path which 
we desire to have it follow through the first con- 
ductor. 
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To prevent the escape of electric current from 
conductors ‘into other conductors or into human. 
bodies, all current-carrying conductors should be 
surrounded and isolated or supported by materials 
which are not conductors. Any material which is 
not a conductor is called a non-conductor or an 
insulator. 


Insulators or insulating materials include all sub- 
stances in which it is very difficult to cause a flow 
of current with any electrical force which may be 
applied. Among the insulators which are most use- 


ful in electrical work are the following: S 
Porcelain Paper 
Glass Cotton 
Mica Linen 
Bakelite and similar Silk 

compounds Various oils 

Hard rubber Various waxes 
Soft rubber’ Air 


In an insulating material it is possible for an elec- 
trical force to drive many of the electrons a little 
way out of their normal positions in the atoms, but 
nearly all the electrons still remain bound to their 
atoms and will return to their normal positions the 
instant the electrical force is removed. In an in- 
sulator it is impossible to free more than a very 
few electrons from the atoms, or to produce more 
than the most minute trace of electric current. 


Supposing the insulating material were a sheet 
of glass about 34 inch thick. Depending on the 
kind or grade of glass, no appreciable current would 
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flow through it until you had raised the pressure to 
somewhere between 300,000 and 1,500,000 volts, or to 
between three thousand and fifteen thousand times 
the pressure needed in an incandescent lamp. At that 
terrific pressure the glass would puncture, the elec- 
tric pressure would force a hole right through the 
glass. Then current would flow through the air 
in the hole, because it takes a force of only about 
10,000 volts to force electricity through 3 inch of 
air. 

Instead of the sheet of glass supposing you were 
'to use a small cube of glass measuring 36 inch on 
one side. The opposition of that piece of glass to 
flow of current through it would be a thousand 
million, million, million times as great as the oppo- 
sition of a piece of copper of the same size. The 
rate of current flow through the glass would be 
correspondingly smaller than through the copper, 
and, as you will agree, could be called infinitesimal. 

Every insulating material mentioned in the pre- 
ceding list has millions and millions of times the 
opposition or resistance to flow of current that is 
offered by any of the metals, by graphite, or by 
conductive liquids. "Were it not for this fortunate 
fact we would have no more success in keeping 
electricity within the paths which we wish it to 
follow than would a plumber with water if he 
had no pipes or other devices to confine the water. 


AN ELECTRICAL SYSTEM 


We started out to talk about a classification into 

which might be fitted the parts of any electrical in- 

stallation, but had to wander rather far afield in 
getting ready to understand our classification. How- | 
ever, we finally are ready to go ahead. | 
| 


To begin with we must have available some form 
of energy. In the case of the dry cell or some other 
type of "primary" cell or battery, the original 
energy comes from nothing electrical. Even with 
the cells and batteries the original energy is not 
electrical but is chemical. The source of energy 
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may be mechanical motion, heat, light, sound, or 
radiation. Having the original source of energy we 
may proceed to the electrical groups, which are 
as follows: 


Group 1. Devices which change the original non- 
electrical energy into moving electricity or into 
electric current. Here we shall have electric gener- 
ators or dynamos like that of Fig. 7, also storage 
batteries, thermocouples, photovoltaic cells, and 
piezo-electric crystals. 





Fig. 7. Photo of a large generator, which produces its voltage by 


induction. ^ 
r 


Group 2. ‘Electrical wiring. This group includes 
all the conductors which ‘carry the moving elec- 
tricity from place to place, also the insulators which 
prevent the escape of electricity from the conduc- 
tors. In outdoor and long-distance systems this 
group would include the transmission and distri- 
bution lines. 


Group 3. Controlling mechanisms; chiefly hand- 
operated and automatic electric switches of many 
kinds. 


Group 4. Devices which alter the rate of flow, 
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the difference of pressure, or some other character- 
istic of the moving electricity. This group includes 
transformers, converters, inverters, motor-genera- 


tors and other apparatus with which we shall be- 
come well acquainted. 


Group 5. Meters or measuring instruments for 
indicating, and sometimes for making records of, 
the conditions existing in all parts of the electrical 
system. 


Group 6. Apparatus for changing the energy of the 
moving electricity into some other form of energy 
which we wish to use. This is a big group. In it 
we shall find motors, like that of Fig. 8, electro- 
magnets, storage batteries, electrochemical vats, 
electric arcs, electric furnaces, various inductors or 
coils, electrical resistors, many varieties of lamps, 
radiating systems for radio transmitters, electrical 
discharge devices, and many other parts which are 
of importance in certain lines of work. All these 
devices use the electric current to produce mechan- 
ical motion, heat, light, sound, chemical changes, 
or radiation. 


A TYPICAL SYSTEM 

To learn how our classification will work out 
when applied to an actual electrical system let’s 
examine the electrical parts used on an automobile. 
We select the auto-electric system because you 
probably are more familiar with the starter, lamps, 
horn and ignition for an automobile. 

Fig. 9 shows the auto-electrical parts which we 
shall consider first. The initial source of energy 
is the automobile engine which produces mechanical 
motion. From here we may go on with our classi- 
fication according to the numbered groups as pre- 
viously listed. Corresponding numbers are on Fig. 9. 

Group 1. The generator receives mechanical 
energy of motion from the engine through a belt, 
and changes this mechanical energy into electrical 
energy. Compare this with our original definition 
of group 1. 

Group 2. Electric current flows to the battery 
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through a copper wire covered with insulation, and 
from the battery flows through the steel of the auto- 
mobile chassis back to the generator. 


Group 3. The cutout is an automatic electrical 
switch which, when the generator has attained 
speed sufficient to force electricity through the bat- 
tery, connects the internal parts of the generator 
to the wire going to the battery. The cutout is our 
controlling mechanism. 





Fig. 8. Type 1-28/56-6500 HP 107/53-6600 Volt Form M Induction 
Motor with changing switch installed in the 60 in. Universal Plate 
Mills, Illinois Steel Company, Gary, Indiana. 


4* Uroup 4. tin the system ot Fig. 9 the generatoi 
is designed and automatically regulated to produce 
just the right amount of force and other charac- 
teristics in the electric current so that this current 
will produce the desired chemical changes inside the 
battery. Consequently, in this part of the auto- 
electric system we require no additional devices 
for changing the kind of current which is being 
produced. 


Group 5. The ammeter is our measuring instru- 
ment which indicates the rate at which electricity 
moves through the generator and battery. 
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Group 6. Flow of electric current through the 
battery produces chemical changes in the plates and 
liquid inside the battery. Energy is stored in the 
battery in the form of chemical changes, and later 
on this chemcial energy will be changed back into 
electric current for operating the starting motor, 
for producing sparks at the spark plugs, for light- 
ing the lamps, and for blowing the horn. 


In the system of Fig. 9 we started out with 
mechanical energy taken from the engine and 
ended with chemical energy stored in the battery. 
Probably you already knew that a storage battery 
does not store electricity in the form of electricity, 
but simply undergoes internal changes during the 
"charging" process which enable the battery later 
on to produce electric current while it is “dis- 
charging." 


(CHEMICAL 


6 Hewat 
ENERGY.) 





Fig 9 A Portion of the Auto-electric 3ystem. 


AN ELECTRIC CIRCUIT 


The electrical parts and wires in Fig. 9 make up 
what we call an electric circuit. Fig. 10 is a sim- 
plified diagram of this circuit in which the parts are 
represented by “symbols” rather than by pictures. 
These, and other standard and universally recog- 
nized symbols, make it easy for anyone to quickly 
draw correct electrical diagrams that are under- 
stood by everyone else in the business. 

An electric circuit is the complete conductive path 
through which: flows, or may flow, an electric cur- 
rent. . 


` 
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A circuit always must include at least the 
four things which we now shall list. £ 
A 





Fig. 1€. Simplified Diagram of the Auto-electric System. 


First. The circuit must include a source of cur- 
rent, meaning that there must be a generator or 
some other device which uses some kind of non- 
electrical energy and which produces a flow of elec- 
tricity or an electric current. Maybe it should be 
mentioned that the reason we do not have a gen- 
erator or similar apparatus in every house lighted 
by electricity is that the circuit starts from outside 
the house. 

Second. The circuit must include one or more de- 
vices which will change electrical energy into some 
other form of energy such as chemical energy, heat, 
light, mechanical motion, and so on. It might be 
natural to argue that one could connect a single 
length of wire from one terminal of a battery to the 
other terminal and thus let current flow without 
going through anything which produces some other 
form of energy. But current flowing through that 
wire would heat the wire, and the wire itself would 
be a device which changes the electrical energy into 
the energy which is heat. » 

Even ‘though the heat from the wire might be 
wasted, it still would be produced. We may waste, 
any kind of energy, but cannot destroy it. The 
only thing that can happen to one kind of energy 
is to change to some other kind. That is a funda- 
mental law of nature. 

Third. The electric circuit must include a con- 
tinuous conductor or a succession of joined conduc- 
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tors through which electricity may flow from the 
source of EE to the devices which use the cur- 
rent to produce some other form of energy. 
Fourth. The electric circuit must include also 
a continuous conductive path from the device which 
uses electric current back to the part which pro- 
duces the current. Since everything consists of 
molecules and atoms, and all atoms contain elec- 
trons, everything is full of electricity (electrons) to 
begin with. All we can do is pump them around 
a circuit. You cannot continue pulling electrons out 
of the wires inside a generator without letting re- 
placement electrons re-enter the generator, nor can 
you continue pushing electrons into a battery or 
anything else without letting an equal number move 
out and back to the source. Fig. 11 shows a cir- 
cuit which includes a generator, a switch, a motor, 
and the necessary conductors. ` 





Switch 





Fig. 11. Complete electric circuit. The current flows over the top. wire 
from the generator to the motor, then back along the lower 
wire to the generator. 

The idea of having a complete electric circuit, 
out and back, is much the same as having to have 
a complete and unbroken belt between a steam 
engine and a machine to be driven. If the belt can- 
not come back from the machine to the engine 
flywheel or pulley it won’t long continue to move 
out from the engine to the machine. If you cut 
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either side of the belt you will prevent transfer 
of energy from the engine to the machine. It makes 
no difference which side of the belt you cut. Just 
as truly you will prevent transfer of electrical 
energy from a source of current to a consuming 
device if- you open either side of the circuit. It 
makes no difference which side. Many hopeful 
“electricians” have tried to beat this rule, but none 
have succeeded, 


MORE ELECTRIC CURRENTS 


Let's go on to Fig. 12 where we have represented : 
most of the remaining parts of the automobile elec- 
trical system. Now we shall assume that the en- 
gine and generator are idle, and that the cutout 
has acted to open the circuit between generator 
and battery. This leaves chemical energy in the 
battery as our original source of non-electrical 
energy. Now for our six groups. 


44 SWITCH-3 WIRES-2 
BUTTON-3 


AMMETER 


V 
| “STARTING MOTOR-6 | 
LEER eee eats ___} FRAMEWORK-2 





Fig. 12. More Parts of the Auto-electric System. 


Group 1. The battery is not only the source of 
chemical energy, but is also the device which 
changes this energy into electric current. 


Group 2. The battery is connected through 
wires and through the metal of the automobile 
framework to the lamps, the horn, the starting 
motor, and the ignition coil. The coil, in turn, 
is connected to the spark plugs. This is our wiring, 


Group 3. Our controlling mechanisms include the 
lighting switch, the horn button, the starting 
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switch, and the ignition switch. 


Group 4. The maximum difference in pressure (in 
volts) which the battery can develop is not enough 
to force electricity across the air gaps in the spark 
plugs and produce the intensely hot arc that ignites 
the mixture of gasoline and air in the cylinders. 
Consequently, we must employ the ignition coil, a 
device which uses current at the electrical pressure 
supplied by the battery and furnishes a pressure 
sufficient to force electricity across the spark plug 
gaps. The ignition coil is a kind of electrical trans- 
former which converts the 6 volt pressure we have 
available into a pressure of 10,000 volts or more, 
suitable for the job to be done. 

Group 5. The ammeter which previously we 
have used to indicate the rate at which electricity 
flows through the generator-battery circuit is now 
used to indicate the rate at which electricity flows 
through the battery and the lamps, the horn, and 
the ignition coil. In actual practice we probably 
would not carry horn current through the ammeter. 
The rate of current flow through the starting motor 
is so great that it would ruin this small ammeter, 
so the starting current is not carried through the 
meter. ' 

Group 6. The apparatus which changes energy 
of the moving electricity into other forms of energy 
includes (1) the lamps which produce the energy 
which is light, (2) the horn which produces the 
energy which is sound, (3) the spark plugs which 
produce the energy of heat, and (4) the starting 
motor which produces the energy of mechanical 
motion. 


In the whole automobile electrical system (Figs. 
9 and 12) we commenced with mechanical energy 
of motion from the engine, changed it to electrical 
energy in the generator, then to chemical energy in 
the battery, then changed this chemical energy into 
light, sound, heat, and more mechanical energy or 
motion. All electrical systems are like that, just 
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changing one kind of energy into other kinds which 
suit our needs. 


QUANTITIES OF ELECTRICITY 
Quantities of potatoes are measured by the bushel, 


quantities of water may be measured by the gallon 
or by the cubic foot, and for everything else there 


. are various units in which their quantities may be 





measured. Quantities of electricity are measured by 
the coulomb. A coulomb is just as definite a quan- 
tity of electricity as is a cubic foot a quantity of 
water. ; 





Fig 13. A “Voltammeter” Which Measures Quantities of Electricity. 


We might define the coulomb by stating the num- 
ber of electrons in a coulomb, but rather than get 
into figures running into uncountable billions of 
electrons we define a coulomb by stating what it 
will do. In Fig. 13 the jar at the left contains two 
copper plates immersed in a solution of silver 
nitrate, with the plates connected to a battery 
which will cause a flow of electricity. When one 
coulomb of electricity flows through the solution 
from one plate to the other this much electricity 
will take out of the solution and deposit on one 
of the plates about 1/25000 ounce of silver. Whether 
this quantity of electricity passed in a second, an 
hour or a month, it still would take with it and 
deposit the same amount of silver. 


Except in the eletroplating of metals and similar 
jobs we seldom need talk about quantities of elec- 
tricity such as might be measured in coulombs, 
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but an understanding of the coulomb as a unit of 
quantity makes it easier to understand the real 
meaning of electric current and how current is 
measured, 


ELECTRIC CURRENT z 


In order to turn a water wheel so that it will fur- 
nish a desired amount of driving power it is neces- 
sary that water flow over or through the wheel at 
a rate of some certain number of cubic feet (or 
gallons) per second. "We may define the rate of 
water flow as so many cubic feet per second. Just 
as the rate of flow of water is measured in so 
many cubic feet per second, so is.the electric cur 
rent measured in so many coulombs per second. 


In order to light the ordinary “60-watt” electric 
lamp bulb to normal brilliancy electricity must flow 
through the filament in the bulb at a rate of about 
one-half coulomb per second. To keep a household 
flatiron normally hot the electricity must flow 
through the flatiron at a rate of about eight to nine 
coulombs per second. To run a small fan the elec- 
tricity must flow through the fan motor at about 
four-tenths coulomb per second. In none of these 
cases are we talking about the speed or velocity 
with which the electricity or the electrons pass 
‘through the lamp, flatiron or fan. We are talking 
about rates of flow in the sense that certain quanti- 
ties of electrictiy pass through the part in a given 
period of time. 

When electricity flows at a rate of one coulomb 
per second we say that it flows at a rate of one 
ampere, This unit of flow (really one coulomb per 
second) was named the ampere to honor Andre 
Marie Ampere, a French physicist and scientific 
writer who lived in the early part of the last cen- 
tury. We should remember that the ampere means 
a rate of flow of electricity. 


Instead of saying that the electric lamp requires 
a flow of one-half coulomb per second we say it 
requires a flow of one-half ampere. Similarly, the 
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flatiron takes a flow of eight to nine amperes, and 
the fan motor takes about four-tenths ampere. 





Fig. 14. An Ammeter for Measuring Electric Current Flew. 


Rates of flow in amperes are measured and indicated 
by: an instrument called the ammeter, such as pic- 
tured in Fig. 14. Fig. 15 illustrates how this and 
other types of meters are used in practical work. 


' AMPERE-HOUR, ANOTHER QUANTITY 


A coulomb of electricity is a very small quantity, 
and that unit is too small for convenient use in 
many kinds of electrical measurements. A more 
convenient quantity, and one more often used, is 
the ampere-hour. One ampere-hour of electricity 
is the quantity that would flow when the rate is one 
ampere and the flow continues steadily for one hour. 
The ampere-hour is a unit- much used in storage 
battery work, electroplating, and similar electro- 
chemical processes. 
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There are 3,600 seconds in one hour, One coulomb 
of electricity passes during each second when the 
rate is one ampere. Therefore, in 3,600 seconds the 
total quantity will be 3,600 coulombs, and we find 
that one ampere-hour is equal to 3,600 coulombs of 
electricity. 





Fig. 15. Using Meters To Test the Operation of an Electric Motor. 


ELECTROMOTIVE FORCE 


We have learned that all substances are made up 
of molecules and atoms, and that all atoms contain 
electrons, which are negative electricity. Conse- 
quently, all substances are full of electricity all the 
time. But in a wire or other conductor there is no 
particular tendency for the electricity to move, and 
form an electric current, until some force is applied 
to the electrons. Forces which move or tend to 
move electricity arise from mechanical energy of 
motion, from chemical energy which alters chemical 
makeup of substances, from light energy, or other 
forms of energy as these forms are changed into | 
electrical energy. | 


One of the commonest examples of changing 
chemical energy into electrical energy is the stor- 
age battery used in automobiles. The chemical 


A conditions in a "charged" battery are repre- 
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sented by one of the diagrams in Fig. 16, which 

shows the active materials or the materials which 

undergo changes. The positive plate materia! is 

oxygen and lead, the negative plate material is lead 

alone, and the liquid in which they are immersed 
+ 
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Fig. 16. Chemical Changes in a Lead-acid Storage Battery Cell. 





consists of oxygen, hydrogen and sulphur (sul- 
phuric acid). These chemicals do not like to remain 
in the combinations shown. They are under a strain, 
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and may be thought of as containing pent up chem- ` 
ical energy. 

The chemical energy in the charged battery can 
accomplish nothing until we connect the positive 
and negative plates to an external circuit in which 
electricity may flow. Then things commence to 
happen inside the battery as the chemical energy 
changes into electrical energy. As shown in the 
diagram marked “discharged,” the oxygen from 
the positive plate goes into the liquid. The sul- 
phur that was in the liquid splits up, part going 
into the positive plate and part into the negative 
plate. So long as these chemical changes continue, 
the chemical energy changes into electrical energy 
and changes into a force that causes electricity to 
move through the battery and around the external 
circuit. 


If we keep the circuit connected to the battery 
tor long enough, both plates will contain lead and 
sulphur (sulphate of lead) and the liquid will con- 
sist of two parts-of oxygen and one of hydrogen, 
which form water. If electricity is forced to flow 
through the battery in a reversed direction, oxyge. 
will leave the liquid and rejoin the lead in the posi- 
tive plate, and sulphur wi!l leave both plates and 
go into the liquid. Then the battery has been 
re-charged, again contains pent up chemical energy, 
and is again ready to change this energy into elec- 
trical energy. 

We have examined one method of producing a 
force which will move electricity or which will pro- 
duce an electric current. Later we shall examinea  . 
method which changes mechanical motion into a 
force that causes electricity to move. 

The forces produced when some other form of 
energy is changed into electrical energy act with 
reference to the electricity as do the pressure dif- 
ferences that are applied to. water in a hydraulic 
system. Just as hydraulic differences of pressure 
tend to cause flow of water, so do differences of 
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electrical pressure tend to cause flow of electricity. 
An electrical pressure différence or force that moves 
or tends to move electricity, and form a current, 
is called an electromotive force. The abbreviation 
for electromotive force is emf. We generally speak 
of such a force as an "ee-em-eff", pronouncing the 
letters of the abbreviation rather than using the full 
name. 

Devices such as batteries and generators in which 
some other form of energy changes to electromotive 
force are called energy sources, since they are the 
source of the force or ener&y which causes current 
to flow. They are not sources of electricity but only 
of energy in the electrical form, because they pro- 
duce no electricity but merely place electricity in 
motion. à 

The electromotive force produced in a battery, 
generator or other current source is measured in a 
unit called the volt, named in honor of Count Volta, 

| an Italian physicist who lived about 200 years ago. 
The volt is a measure of the difference in elec- 
tric pressure or electric force, much as the unit 
called pounds per square inch is a measure of water 
pressure, steam pressure, and other pressures or 
forces. A dry cell produces an emf of about 1% 
volts, a storage battery cell produces an emf of 
about 2 1/10 volts, and electric generators or dyna- 
mos produce emf’s from a few volts up to thousands 
of volts, depending on the construction of the gen- 
erator. 


ELECTRICAL RESISTANCE 


We have said before that the electric current con- 
sists of moving electrons which have been tempo- 
rarily separated from-atoms and which travel among 
the atoms as they progress through the conductor. 

/ Movement of the negative electrons through a con- 
ductor is opposed not only by the attractions ex- : 
isting between them and the positive parts of the - 
atoms, but by constant collisions of the moving 
electrons with other electrons and with the atoms. 
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The degree of opposition to electron flow depends 
largely on the structure of the conductor—in other 
words on the kind of material of which the con- 
ductor is made. 


The opposition of a conductive material to flow 
of currept acts in many ways as does the opposi- 
tion of piping to flow of water through it. Water 
flows less freely through a pipe that is rough or 
corroded on the inside than through an otherwise 
similar pipe that is smooth and clean. This effect 
is similar to that of different materials in electri- 
cal conductors. For instance, electricity flows much 
less freely through a steel wire than through a 
copper wire of the same size and length. 

There is no simple unit in which we may de- 
fine or measure the opposition to flow of water 
through pipes. We would have to say that a given 
difference in pressure in pounds per square inch 
causes a flow of so many cubic feet per second or 
minutes. But the opposition of a conductor to flow 
of electricity through it is measured in a simple unit 
called the ohm. Like other electrical units this one 
is named after a man, in this case after Georg 
Simon Ohm, a German scientist, who lived long 
ago. 

Opposition to flow of electricity is called electrical 
resistance. One ohm of resistance is that resistance 
which permits electricity to flow at a rate of one 

. ampere when the force causing the flow is one 
volt. 'The' resistance of the filament of a lighted 
60-watt electric lamp is about 220 ohms. The resist- 
ance is only one ohm in about 390 feet of the size 
of copper wire most often used in the electrical 
wiring for houses. The resistance of materials 
used for electrical insulators runs into billions of 
ohms. 4 à 

It is quite apparent that the greater the resistance 
of a conductor or of an entire circuit to flow of cur- 
rent through it, the less current will flow with a 
given applied voltage, or the more voltage will be 
needed to maintain a given rate of flow. When we 
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say that a resistance of one ohm permits a current 
of one ampere with a difference in pressure of one 
volt, we say also that a difference in pressure of one 
volt causes a flow of one ampere through a re- 
sistance of one ohm, and that a current of one am- 
pere will flow through a resistance of one ohm when 
the difference in pressure is one volt. This simple 
relationship between the units of resistance, pres- 
sure and current is going to make it very easy to 
solve all manner of electrical problems. 


TERMINAL VOLTAGE 


We have learned that an energy source, such as a 
battery or generator, produces electromotive force 
measured in volts, by changing chemical or mechan- 
ical energy into electrical energy. Batteries, genera- 
tors, and other kinds of energy sources have within * 
themselves various kinds of electrical conductors 
which form a path through which electricity may 
flow through the source itself. Were there no con- 
ductive path through a source, electricity could not 
be moved around and around the circuit consisting 
of the outside connections and the source itself. 
Like all conductors, those inside a source have more 
or less electrical resistance. Part of the electro- 
motive force is used up in sending the current 
through this internal resistance of the source, and 
only the remainder is available for sending current 
through the external connections or the external 
circuit. za 


The portion of the generated emf that is available 
at the terminal connections of a source, and which 
may be used for sending current through the ex- 
ternal circuit, is called the terminal voltage of the 
source. The number of volts available from a source 
should not be called emf, but should be called the 
terminal voltage, if we wish to distinguish between 
the total force or pressure difference produced and 
that which remains for use outside the source. All 
electrical pressures differences, wherever they exist, 
may be measured in volts. 
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DROP IN VOLTAGE 


Consider the water circuit of Fig.' 17. In this 
circuit there is a water pump which changes 
mechanical energy from its driving belt into the 
energy contained in moving water, and which fur- 
nishes the difference in pressure required to keep 
water moving around the circuit. At one point there 
is a pipe coil containing a good many feet of pipe. 
At several points are gauges which indicate water 
pressures in pounds per square inch. Water is 
assumed to flow in the direction of the arrows. In 
common with the electrical current, it always flows 
from a point of higher pressure to a point of lower 
pressure. 





Fig. 17. Water Circuit In Which There Are Drops of Pressure. 


It is certain that all pressure difference available 
from the pump must be used in sending water 
around the circuit, for there is no pressure at the 
inlet side of the pump. It is quite apparent, too, 
that all the pressure available from the pump won't 
be used up at any one place in the water circuit, but 
will be used in accordance with the oppositions 
to flow encountered by the water as it moves around 
the piping. 

The gauge at A will show a pressure almost as 
high as the total available from the pump, because 
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it takes but little force or pressure to get water 
from the pump to A. It takes some force or pres- 
sure to send water through the pipe from A to B, 
so the gauge at B shows a pressure a little lower | 
than the one at A. The pressure at A must be 
enough to drive water from here all the rest of the 
way around the circuit and back to the pump, but 
the pressure at B need be only enough to drive 
water from this point back to the pump. 


The coil in Fig. 17 is made of a long length 
of rather small pipe. It takes quite a bit of our 
available pressure to send water through all this 
pipe, so the pressure remaining at C will be con- 
siderably less than we had at B. The pressure 
remaining at C must be enough to send water from 
here back to the pump, but no more. At D, the 
pump inlet, the pressure is zero. 





Rerenence Pow. 
O Vorrs - 


Battery 





Fig. 18. Electric Circuit In Which There Are Drops of Potential and 
Differences of Potential. 


Fig. 18 represents an electric circuit quite simi- 
lar to the water circuit of Fig. 17. In this electric 
circuit there is a battery from which, after using 
part of the emf to overcome resistance within the 
battery, there remains a pressure of six vólts at one 
of the terminals. The pressure at the other bat- 
tery terminal is zero, just as pressure is zero at 
the point where water returns to the pump in the 
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water circuit. Therefore, the difference in pressure 
between the terminals is six volts. 

The entire six volts is used up between A and D 
in the electric circuit, for we start out with six 
volts and end up with no volts. But, as with the 
water circuit, all the pressure is not used up in 
sending electricity through any one part of the 
circuit, but rather it is used as required to over- 
come the resistance in various parts of the circuit. 
The greater the resistance in any section of the elec- 
tric circuit the more pressure must be used up in 
that section to force electricity through its re- 
sistance. 


In Fig. 18 we assume that it takes only one volt 
of pressure to overcome the resistance of the wire 
from A to B, but that in the long length of wire in 
the coil it is necessary to use up four volts of pres- 
sure, which is the difference between the pressures 
at B and C. The remaining one volt of pressure 
sends electricity through the wire from C back to 
the battery. 

The pressure in any electric circuit undergoes 
a continual drop as we progress around the circuit 
and use up the pressure in overcoming resistance 
of different sections. The pressure is greatest at 
one side of the source and is least at the other side. 


DIFFERENCE IN PRESSURE 


It is the difference between the pressures at two 
points in a circuit which causes current to flow 
from one point to the other. In Fig. 18 it is the 
entire pressure difference of the battery that causes 
current to flow through the entire circuit from A to 
D. Current flows from A to B because the pressure 
at A is higher than at B, it flows from B to C be- 
cause the pressure at B is higher than at C, and 
from C to D because the pressure at C is higher 
than at D. 


To determine the difference in electrical pressure 
between two points in a circuit, it is first of all nec- 
essary to establish a reference point. 
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Unless otherwise specified, the negative terminal 
of any D.C. source is regarded as the reference 
point, and the difference in pressure between this 
terminal and any other point in the circuit is called 
the voltage of that point. 
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Thus point "d" in Fig. A is marked 4-82 in Fig. 
C, whereas point "h" is marked +.2, for the last 
figure indicates that point “h” has a pressure that 
is 8.0 volts below point "d". 


i 


Pressure differences are measured in volts. The 
measurement of the number of volts pressure differ- 
ence between two points may be made with an 
instrument called a voltmeter. Fig. 20 shows how 


VOLTAGE 


When electromotive forces, pressure differences, 
or pressure drops are measured in volts or in multi- 
ples or fractions of volts, the number of volts often 
is spoken of as the voltage. For instance, someone 
might ask about the voltage of a generator, mean- 
ing the pressure difference available for the external 
circuit, or they might ask about the voltage across 
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Difference in Pressure 


a coil or other part of a circuit, meaning the pres- 
sure difference across that one part, 


In the language of electricity, which we now are 
learning, each word and term has an exact and pre- 
cise meaning when used correctly. However, you 
will find that electrical men are sometimes rather 
careless in their use of these words, speaking of 
the emf across something like a coil instead of 
speaking of the pressure difference. | 


VOLTMETER | | 


iA 
Source 
(Barrenv.) 








Fig. 20. Using a Voltmeter To Measure Potential Differences. 


ELECTRIC POLARITY 


One terminal of a source has, at any one instant, 
a pressure higher than the other terminal. The one 
of higher pressure is called the positive terminal, 
and the one of lower potential is called the negative 
terminal. This statement is based upon the assump- 
tion that the flow of current in an 'electrical circuit 
consists of the motion of free positive charges. Since 
the positive pole of the source repels these charges, 
and the negative pole attracts them, the direction of 
current flow, which is defined as the movement of 
free positive charges must always be from positive 
to negative. Positive terminals may be indicated by 
the plus sign (+) and negative terminals by the ; 
minus sign (—), as has been done with the source 
terminals in Fig. 20. Positive is also indicated by the \ 
letter P or the abbreviation POS, and negative by 
the letter N or by NEG. 


^ 
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Difference in Pressure 


Voltmeters and other meters have one terminal 
marked positive and the other negative. In order 
that the meter may read correctly its positive termi- 
nal must be connected to the point of higher pres- 
sure and its negative terminal to the one of lower 
pressure. 

Because of pressure drops and differences in a 
circuit one point will have a pressure higher than 
another point. The point of higher pressure is posi- 
tive with reference to the other one, which is nega- 
tive with reference to the first point. In Fig. 20 
the pressure becomes lower and lower as we pro- 
gress from A to D. Then point A is positive with 
reference to B, and B is negative with reference 
to A. But because the pressure at B is higher than 
at C, point B is positive with reference to C while 
being negative with reference to A. 


The words positive and negative, as just used, 
_describe the polarity of points in an electric circuit 
with reference to other points in the same circuit. 


The whole mass of the earth or the ground us- 
ually is considered as having zero pressure or no 
pressure at all. Then we may speak of anything 
whose pressure is higher than that of the earth as 
being positive, and of anything whose pressure is 
less than that of the earth as being negative. You 
may wonder how we can have a pressure less than 
zero, but this is explained by remembering that the 
earth’s pressure, is only arbitrarily taken as zero, 
just as one certain point on the thermometer is 
arbitrarily considered zero. We may have pres- 
sures lower than the earth’s zero pressure just as we 
may have temperatures lower than zero on the 
thermometer. In electrical terminology, the term 
potential is often used in the same sense as the word 
pressure is here applied; thus the “difference in 
pressure” in volts and the “difference in potential” 
in volts mean one and the same thing. For purposes 
of simplification, the word pressure has been em- 
ployed in the foregoing material. 
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Resistance of Conductors 


RESISTANCE OF CONDUCTORS 


Several times it has been mentioned that the re- 
sistance of a conductor depends largely on the kind 
of material in the conductor. When talking about 
electron flow in conductors we listed a number of 
materials in the order of the freedom with which 
electrons pass through them. From our later dis- 
cussion of resistance it is evident that the material 
(silver) permitting the freest flow of current must 
have the least resistance, and that materials per- 
mitting smaller rates of flow when a given differ- 
ence in pressure is applied to them, must have 
higher resistances. 

The resistance in ohms of a conductor is affected 
by other things as well as by its material. Here 
are the factors which determine resistance: 


1. The material of which the conductor is made. 


2. The length of the conductor. If a certain kind 
of conductor is made twice as long, its resistance 
will be exactly doubled, since it is twice as hard 
to force a given current through twice the original 
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Fig. 21. Effect of Length and Cross Sectional Area On Resistance of 
Conductors. 


length. See Fig. 21. . Halving the length of the 
conductor will drop its resistance to half the origi- 
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ı Resistance of Conductors 
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nal value. Resistance varies directly with the length 
of a conductor that is of uniform size and material 
throughout. 


3. The cross sectional area of the conductor, The 
cross sectional area is the area of the flat surface 
left on the end of a conductor when it is cut straight 
through from side to side. Changes of cross sec- 
tion in the same length of conductor are shown 
in Fig. 21.. If the cross sectional area is doubled 
the resistance is cut in half. It is easier for elec- 
tricity to flow through a large conductor, just as 
it is easier for water to flow through a larger pipe. 
If the cross sectional area is halved the resistance 
is doubled. It is harder to forc: water through a 
small pipe than a large one, and harder to force 
electricity through a small conductor than through 
3 larger one. 


4. 'The temperature of the conductor. In all pure 


metals, and in most mixtures or alloys of metals, 


the resistance increase as the temperature rises. The 
resistance of a copper wire is about 9 per cent 
greater at 70° F. than at 32°, and at 150° is about 
27 per cent higher than at 32°. Each different metal 
has a different rate at which its resistance changes 
with changes of temperature. An alloy called man- 
ganin, much used to provide resistance in electrical 
instruments, changes its resistance less than one- 
hundredth as much as does copper for the same 
change of temperature. Liquids which have been 
made conductive, such as those used in storage bat- 
teries, have less and less resistance as their temper- 
ature rises through normal ranges. The resistances 
of carbon and graphite become less as their temper- 
ature rises. In order to specify resistances with 
accuracy we should know and mention the tempera- 
ture of the conductor. When no temperature is 
mentioned it generally is assumed to be 68° Fah- 
renheit, which is 20° centigrade. 
CONDUCTANCE 


The conductance of a conductor is a measure of 
the ease with which it permits current to pass 
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through it, as opposed to resistance which is a 
measure of the opposition to current flow. The unit 
of conductance. is the mho, which is ohm spelled 
backward. The conductance in mhos is equal to 
the reciprocal of the resistance in ohms. The re- 
ciprocal of a number is 1,divided by that number. 
Thus, the reciprocal of 10 is 1/10. If the resistance 
of a conductor is 10 ohms its conductance is 1/10 
mho. 


Nearly all our practical calculations are made 
with resistance measured in ohms. Conductances 
in mhos are seldom used. 


ELECTRICAL SYMBOLS 

When we wish to show the wiring connections 
and the parts included in an electric circuit or part 
of a circuit, it is not necessary to draw pictures 
of the parts, Conductors and various electrical 
devices are shown by symbols which represent these 
parts in a general way and which are understood 
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(Dinect Current.) 
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Fig 22 Symbols Used In Electrical Wiring Diarrams. 
by all men working in the electrical industries. 
Several standard symbols are shown by Fig. 22. 
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The cell represents a single dry cell or a single 
cell of any other type which produces electromotive 
force from chemical action. Several cells together 
form a battery. The number of cell symbols drawn 
to represent the battery may or may not correspond 
to the number of cells actually in the battery to be 
shown. The long line of the cell symbol represents 
the positive terminal and the short line the negative 
terminal. 

The generator symbol is marked “direct current” 
because it represents the kind of generator which 
causes electricity to flow always in the same di- 
rection around a circuit. This is the kind of flow 
we have been considering and shall continue to 
study until taking up the subject of alternating 
current later on. Alternating current is a surg- 
ing back and forth of electricity in the conductors, 
moving one direction for a brief period and then in 
the opposite direction for an equal period of time. 


Wires which cross over each other without being 
joined together or in electrical contact may be 
shown in any of three ways. Electricity cannot 
flow from one to the other of wires which are not 
in actual contact, or which are separated by in- 
sulation as indicated in these symbols. If two or 
more wires are in direct contact so that current 
may flow from one to the other at the point of 
contact, we show the joining by means of a small 
dot at the junction. : 


If a large amount of resistance is concentrated 
into a small space; as by winding much wire into 
a compact coil, we may call the unit a resistance 
or a resistor. The symbol fer such concentrated 
resistance is a zig-zag line. Many resistors are 
so constructed that a brush or other movable con- 
tact point may be slid along the resistance wire,. 
thus including between the contact and one end of 
the wire moe or less resistance or more or less of 
the total length of the wire. Such an arrange- 
ment provides an adjustable amount of resistance 
for use in a circuit to limit the flow of current. An 
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adjustable resistor may be called a rifeostat. The 
arrowhead in the symbols represents the movable 
or sliding contact point. 

Switches, as you doubtless know, are devices in 
which metallic conductors may be conveniently 
brought together so that current may flow through 
them and through a connected circuit, or which may 
be separated so that they have between them the 
insulation of air, which prevents flow of current. 
A push button switch is of the type -used for door 
bells. A knife switch opens and closes with a mo- 
tion like moving the blade of a jack knife. The 
knife switch for which a symbol is shown has two 
blades, that simultaneously opens or closes two 
conductive current paths. 

Fig. 23 is a diagram of an electric circuit show- 
ing how simple and easily understood are the con- 
nections and the paths for current when we use 
symbols to represent the electrical devices. Refer 
to the symbols of Fig. 22 and see how many of them 
you can identify in Fig. 23. Fig. 23 shows two 
coils whose symbols are not included in Fig. 22. 








Fig 23. Wiring Diagram In Which Symbols Are Used. 


SERIES CONNECTIONS 


Fig. 24 shows two circuits. Each contains a gen- 
erator, a switch, a resistor, and’ two lamps. If the 
generator were running and the switch closed, cur- 
rent from one side of the generator would have 
to pass successively through each of the other parts 
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before coming back to the generator. Furthermore, 
every bit of current that goes through the generator 





Fig. 24. Series Circuits. 


must go also through every other part of the circuit. 
The current cannot divide at any point. All the 
current that flows in any one part of the circuit 
must flow also in every other part. 








Fig. 25. Four 40-ohm Lamps Connected In Series. 

Any circuit in which all the current flowing in 
any one part must flow also through each other 
part is called a series circuit. When parts are so 
connected that all the current through one of them 
must pass also through the other these parts are 
connected in series. It makes no difference in what 
order the parts come, if they all carry the same 
current they are in series. 

There are three things about series connections 
that we should understand. 
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1. The current in amperes is the same in all 
parts connected in series. If the flow is five am- 
peres in any one part it must be five amperes in 
every other part. 

2. The total résistance in ohms of all the parts 
connected in series is equal to the sum of their 
separate resistance in ohms. In Fig. 25 we have four 
lamps in series. Each lamp has a resistance of 40 
ohms. Neglecting the very small resistance of 
the connecting wires, the total resistance of this 
circuit is 4 x 40, or is 160 ohms. 


3. The total difference in pressure in volts which 
is supplied to the parts in series, as from a current 





Fig. 26. Five 50-volt Lamps Connected In Series. 


source, must equal the sum of the pressure differ- 
ences or pressure drops across the separate parts 
in the circuit. This became apparent when study- 
ing Fig. 18. In Fig. 26 we have five lamps, across 
each of which a voltmeter would show a pressure 
difference of 50 volts. Neglecting the small ‘pres- 
sure drops in the short wire connections, the sum 
of these voltage or pressure differences is 250 volts, 


which is the total difference in pressure that must. 


be supplied by the generator. 








Relation of Current, Voltage and Resistance 


RELATION OF CURRENT, VOLTAGE 
| AND RESISTANCE - 


A simple practical electrical circuit will consist of: 

1. A source of energy—generator, battery, etc. 

2. A load—lamps, motor, etc. 

3. A means of control—switch or variable re- 
sistance. 

4. Necessary conductors or wires. 


Example: 








Current designated by this sign (I) is needed to 
operate any piece of electrical equipment and the 
rate of flow of current in the circuit supplying such 
equipment will depend on the voltage (E) applied 
to the circuit and the resistance (R) of the circuit. 

In a D.C. circuit having a constant resistance an 


increase in voltage causes an increase in current— 
see "A". 





Likewise.a decrease in voltage causes a decrease 
in current—see "B". 


Generalizing “A” and “B”— d i 
1. What causes current to flow in this circuit 
when the switch is closed? 
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2. What effect is produced when voltage is ipa 
plied to a closed circuit? 
3. What factors change? 





4. How did they vary with respect to each other? 

5. Can we draw any conclusions? 

6. Can we generalize the relation? 

In a D.C. Circuit having constant resistance the 
current will vary in direct proportion to the voltage 
—see swing illustration below. 


e 






Wren E Goes Up 


“I Goes Up. » 
Wren E Goes Down 
I Goes Down. 


é 
DiRECT RELATION. 


In a D.C. circuit having a constant voltage an 
increase in total resistance causes a decrease in 
current—see *C", 





A decrease in total resistance permits an increase 
in current—see "D". 


Generalizing C and D— 

1, Which factor is constant? 

2. Which is the cause? 

3. Which is the effect? 

4. What were the quantities that changed? 
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Relation of Current, Voltage and Resistance 


5. How did they vary with respect to each other 
—up or down? 
6. What conclusions can we draw? 
7. Can we generalize the relation? 





In a constant voltage D.C. circuit the current will 
vary inversely proportional to the resistance—this 
is illustrated graphically by this seesaw relation. 


en 
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When resistance (R) goes up the current (I) goes 
down ...in like manner when (R) goes down then 


(I) goes up. 


Wren I Goes UP 
R Goes Down. 






When R Goes Up 
I Goes Down. 


| 
© 






INvERSE RELATION. 


Can we generalize both these statements? : 

Now combining A-B-C-D we have what is 

known as Ohm's law, here is how it reads. The 
A 
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Ohms Law 
current in any D.C. circuit is directly proportional 
to the Voltage (E) and inversely proportional to 
the resistance (R). 


OHM'S LAW 


Ohm's law is a rule that helps to solve morc . 


different kinds of electrical problems than any other 
one rule or law that we can learn. .The law says 
that if the pressure difference across a circuit or 
any part of a circuit is doubled, the current will 
double, and that half the pressure difference will 
produce half the current. In other words, the cur- 
rent in amperes increases and decreases directly 
with increase and decrease of the. pressure differ- 
ence in volts. Ohm’s law says further that dou- 
bling the resistance will permit only half as much 
current to flow, and that halving the resistance will 
permit as much current to flow. This means that 
the current increases proportionately to every de- 
crease of resistance, and that the current decreases 
proportionately to any increase of resistance. This 
statement assumes the applied voltage to remain 
constant. 


4 Vous 1O Vots 


S Aun ana 


2? Onus 








Fig 27 Relations Between Amperes, Volts ind Ohms. 


At A in Fig. 27 we measure a pressure difference 
of 4 volts across a resistance of 2 ohms. The cur- 
rent through the resistor will be 2 amperes. At B 
the pressure difference has been raised to 10 volts, 
two and one-half times as much as at A, and the 
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current through the resistor now is 5 amperes, 
which is two and one-half times the original current 
through the same amount of resistance. 

At C in Fig. 27 the pressure difference across a 
2-ohm resistance measures 8 volts. The current is 
4 amperes. At D the resistance has been increased 
to 4 ohms, twice as much as at C, and now we have 
a current of only 2 amperes with the same pressure 
difference. Doubling the resistance has cut the cur- 
rent to half. 

The easiest way to remember Ohm's law is to say 
that the number of amperes of current is equal to 
the number of volts pressure difference divided by 
the number of ohms resistance, or simply that 
amperes are equal to volts divided by ohms. When 
one quantity is to be divided by another we often 
writesthem as a fraction. For example, the fraction 
L5 means that 1 is to be divided into 2 equal parts, 
and the fraction 6/3 means that 6 is to be divided 
into 3 equal parts. Ohm's law written with a 
fraction appears thus: 


volts > pressure difference 
or Current = ———_____—_ 
ohms resistance 


Amperes = 





` Instead of using the words for amperes, volts and 

ohms, or for current, pressure difference and re- 
sistance, we generally use letter symbols. For cur- 
rent in amperes we use the capital letter I, which 
you may think of as standing for intensity of current. 
For pressure difference in volts we use the letter E, 
which stands for electromotive force. For resist- 
ance in ohms we use the letter R, which stands 
for resistance. With these letter symbols we may 
rewrite Ohm’s law thus: 


Ohm’s law shows the relation between amperes, 
volts and ohms in any part of a circuit, or, of course, 
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in a complete circuit. If we use the numbers of 
amperes, volts and ohms of Fig. 27 instead of the 
corresponding letters in the formula I = E/R we 
will have for A 2 = 4/2, and for B 5 = 10/2, 
and for C 4 — 8/2, and for D 2 = 8/4, all of 
which work out correctly. 


The great usefulness of Ohm’s law arises from 
the fact that if we do not know the current but 
know only the resistance and the pressure difference 
we merely divide the volts of pressure difference 
by the ohms of resistance to find the unknown cur- 
rent in amperes. 


In Fig. 28 we have a battery furnishing 10 volts 
pressure difference (E) to a lamp whose resistance 
(R) is 5 ohms, and we wish to know the current 





Fig. 28. A 10-volt Battery Supplying Current To a 5-ohm Lamp. 


in amperes. We use the known pressure difference 
and known resistance in Ohm’s law thus: 


E 10 
I= — = — = 2 amperes 
R 5 
In all these simple problems we shall ignore the 
resistance of the connecting wires. Even were we 
to have as much as ten feet of ordinary copper wire 
the resistance of the wire would be only about 1/40 
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ohm, which. would have negligible effect on our figures. 
Now that the relationships between current, dif- 
ference in pressure, and resistance have been es- 
tablished, we shall begin to substitute the term “dif- 
ference in potential” for “difference in pressure” in 
order to acquaint you with use of the word. Remem- 
ber that you may substitute the word “pressure” 
for “potential” in any practical electrical situation, 
as both terms mean virtually the same thing. The 
only advantage of using the term potential lies in 
the fact that it is widely used in electrical literature. 

Probably you know that any formula such as 
I = E/R which involves three quantities may be , 
changed around to show any one of the quantities 
when we know the other two. We already have 
learned how to find the current in amperes when we 
know the potential difference in volts and the re- 
sistance in ohms, but how about learning the poten- 
tial difference from known current and resistance, 
and how about learning the resistance when we 
know only the current and the potential difference? 

Using letter symbols for the. three quantities we 
may write Ohm’s law for unknown potential differ- 
ence as follows: 


E = IR, which means volts = amperes X ohms 





Fig. 29. A Toaster for Which the Potential Difference Is To Be 
Calculated. 


You may easily prove to yourself that this form 
of the law is a correct one by substituting for volts, 
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amperes and ohms the corresponding numbers from 
Fig. 27, and you will find that the formula always 
works out. 

In Fig. 29 we have represented an electric toaster | 
whose resistance is 10 ohms, and with an ammeter 
we measure the current as 12 amperes. What is 
the potential difference in volts that will cause 12 
amperes of current to flow through 10 ohms of re- 
sistance? All we need do is place the known 
values in Ohm's law, thus: 


[SS OURO ESTO ie volts 


In Fig. 30 we have an electric oven in whose 
heater coils the resistance is 2 ohms, and we 





Fig. 30. An Oven of Known Resistance, Taking a Known Current, for 
Which the Potential Difference Is To Be Calculated. | 


measure the current as 55 amperes. It is easy to | 
find the potential difference in volts. | 


Baz R f=" dK eee ALLO volts 


Just as we changed Ohm’s law around to give 
the value of an unknown potential difference, so 
we may change it again to show an unknown resist- 
ance in ohms when we know the potential differ- 
ence in volts across the resistance and know the 
current in amperes flowing through the resistance. 
Here is the third form of Ohm's law: 
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Ohms Law 


E j volts 
R= — or Ohms = ————— 
I amperes 


Again you may prove that this form of the law 
works out by substituting in it the numbers of 
ohms, volts and amperes of Fig. 27. 








Fig. 31. An Electromagnet for Which the Potential Difference and 
Current Are Measured, and of Which the Resistance Is To Be Learned. 


Fig, 31 shows a powerful magnet or electromag- 
net used for lifting parts made of iron or steel. An 
ammeter shows that a current of 20 amperes flows 
through the coils inside the magnet when the ap- 
plied potential difference is shown by a voltmeter 
to be 80 volts. To find the resistance in ohms of 
the magnet coils we use the measured quantities in 
Ohm’s law for resistance. 


E . 80 
R= — = — = 4 ohms 
I 20 


USING OHM’S LAW 


Current voltage and resistance are the three most 
important things that we have to consider iñ prac- 
tical work with the gréat majority of electrical 
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devices and the wiring that connects them together. 
Electricity flows only through conductors, and all 
conductors have resistance. Therefore, every part 
in every electrical circuit has resistance. The cir- 
cuit of Fig. 32 includes a generator, an ammeter, 
a switch, a rheostat, a lamp, and the connecting 
wires. There are various amounts of resistance in 
every one of these parts. 

The ammeter of Fig. 32 shows the current flow- 
ing through the meter. Since this is a series cir- 
cuit we know .that the current in every other 
part is the same as that in the ammeter. The 
voltmeter is connected across the terminals of the 
generator, so it shows the potential difference 
across these terminals and across the entire ex- 
ternal circuit. The voltmeter might be connected 
across the rheostat, the lamp, the ammeter, the 
switch, or any of the wires—and then would show 
the potential difference across each of these parts. 
In every circuit in which electricity is flowing we 

‘ have a current which is forced to flow through 
resistances by the potential differences in the 
circuit. An understanding of Ohm’s law means 
an understanding of all the relations between cur- + 
rent, voltage and resistance, and an understand- 
ing of the electrical behavior of every common 
type of circuit. 

An understanding of Ohm’s law does not mean 
merely the ability to say that “amperes equal volts 
divided by ohms,” and to repeat the other forms 
of the law for volts and ohms, but means under- 
standing of how these rules work out in prac- 
tice. Supposing that the rheostat of Tig. 
32 were enclosed within a box with only the oper- 
ating handle showing, and that you wanted to know 
which way to move the handle to increase the re- 
sistance. If you understand the relations between 
resistance and current as shown by Ohm's law you 
will know that the ammeter in this circuit will show 
less current when you move the handle to increase 
the resistance. You will know also that with the 
voltmeter connected across the rheostat the voltage 
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will increase when you move the handle jin the 
direction that increases the ‘resistance of the 
rheostat. 


Here is a little table showing what happens to 
each of the three‘ elements—current, voltage, and 
resistance—when one of them is kept at the same 
value and. another is. made more or less. In each 
part of the table is written the form of Ohm's law 
that gives the answer shown there. 











CURRENT . POTENTIAL RESISTANCE 
` DIFFERENCE : 
Amperes Volts Ohms 
SAME |». MORE MORE 
ESIR R= E/I 
SAME LESS LESS 
E = IR R = E/I 
MORE ‘ SAME LESS 
L= E/R R E/I 
LESS SAME MORE 
FS- E/R R = E/I 
MORE i MORE SAME 
VEER E = IR 
LESS LESS SAME 
K= E/R E =R 











Fig. 32. A Typical Electric Circuit. i 
In this table we have the answers to the problem 
about moving the rheostat handle. On the first 
line of the table we find that more resistance means 
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more potential difference in volts is required if 
the current is to remain the same, and on the fourth 
line we find that more resistance means less cur- 
rent in amperes if the voltage remains the same. 
The formula R = E/I answers the questions be- 
cause if in it you use different values of volts (E) 
with the same value of amperes (I), you will 
find out what happens to resistance. If you try 
different values of amperes (I) with the same 
value for volts (E) you again will find out what 
happens to resistance under these conditions. 


Supposing you know that a certain electrical 
device must have a current of six amperes to oper- 
ate correctly, but an ammeter shows the current 
to be eight amperes. You can reduce the current 
by changing either the potential difference in volts 
or the resistance in ohms. The table shows that 
less current will flow with more resistance and the 
same voltage, or with less voltage and the same 
resistance. Ohm's law will answer thousands of 


, electrical questions. 


When Ohm first explained his law for the rela- 
tions of current, potential difference and resistance 
he did not write something like I — E/R, but he 
stated that current varies directly with potential 
difference, and inversely with resistance, that po- 
tential difference varies as the product of current 
and resistance, and that resistance varies directly 
with potential difference and inversely with current. 
This is just a short way of saying all that is shown 
by our table. The three formulas by which we show 
Ohm's law are merely convenient ways for work- 
ing our problems which involve certain numbers of 
amperes, volts and ohms. 

One of the easiest ways to remember all three 
formulas for Ohm's law is to remember this ar- 
rangement of the letter symbols, 


IL 
IXR 
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Supposing you want to know the value of E or 
volts. Cover the E with the tip of your finger 
and you see only I X R, which means that multi- 
plying the number of amperes (I) by the number 
of ohms (R) will give the number of volts. If 
you want to know the number of amperes just 
cover up I, the symbol for amperes, and you see 
E over R, which means to divide the number of 
volts by the number of ohms. If you want to find 
the number of ohms, cover up R, the symbol for 
ohms, and you see E over I, which means to divide 
the number of volts by the number of amperes. 

It is necessary to understand the relations be- 
tween current, potential difference and resistance 
“as shown in the table, but this requires no memoriz- 

i ing, only a little reasoning for each case. For in- 
stance, you can read the first line of the table thus: 


With the SAME current there will be MORE po- 
tential difference with MORE resistance. All you 
need do to figure this out for yourself is to re- 
flect that it certainly is going to take more potential 
difference or more force to send the same current 
through more resistance. Stated in another way, 
if you have the same current and observe that more 
potential difference is needed to maintain this cur- 
rent, it is certain that the resistance must have 
increased, because it takes more force to get the 
same current through more resistance. 


/ Just as we have analyzed the meaning of the first 
line of the table, so you should check over each 
of the other lines for yourself. You will find that 
the conclusions are just common sense in each 
case, that they merely state what you already know 
about the behavior of current, voltage and re- 
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PARALLEL CONNECTIONS 


Fig. 33 shows a water circuit in which all the 
water flowing through the pump P flows also 
through the water wheel or water motor WW and 
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through every other part of the circuit. The gauge 
G indicates the pressure available from the pump 





Fig. 33. Water Circuit With Its Parts In Series. 


or the source of pressure. Fig. 34 shows an elec- 
tric circuit which is similar to the water circuit 
of Fig. 33. All the current that flows through the 





Fig. 34. Electric Circuit With Its Parts In Series. 


generator G in the electric circuit flows also through 
the lamp L and through every other part of this 
circuit. A voltmeter VM indicated the electrical 
pressure difference or the potential difference avail- 
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able from the generator. These two circuits, as 
you will recognize, are series circuits. 


| In the series electric circuit we have the same 
current in all parts. The total resistance of the 
circuit is equal to the sum of the resistance in its 
parts The total potential difference from the source 
must equal the sum of the potential differences 
across the parts of the series circuit. These are 
the rules for a series circuit, as we learned pre- 
viously. 

In Fig. 35 we have added a second water wheel 
WwW2 to our water circuit. Both sides of each 
water wheel are connected directly to the pump 
through pipes. The two wheels are in parallel with 





A Pressure Gause. 
í 








Fig. 35. Water Circuit With Two Water Wheels In Parallel. 


each other. Fig. 36 shows an electric circuit like 

that of Fig. 34 except that we have added a second 

lamp L2 and nave connected both sides of this lamp 

directly to the generator through wires. The two’ 
| lamps are connected together in parallel. 

A parallel connection of two or more parts may 
be defined as, a connection with which the total 
current divides, part going through each of the 
units. If we consider each separate unit in a par- 
allel connection all by itself, Ohm's law will tell 
us all the relations between current, potential dif- 
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ference and resistance in that unit or in that 
"branch" of the parallel system. . 


A Voir Meten 


GENERATOR. 





Fig. 36. Electric Circuit With Two Lamps In Parallel. 


The first thing to note about a parallel connec- 
tion is that the potential difference across all the 
units or across all the branches is the same. In 
Fig. 35 the pressure difference from the water pump 
is applied equally to both water wheels, since both 
are connected directly to the pump. In Fig. 36 the 
potential difference from the generator is applied to 
both the lamps, because both lamps are connected 
directly to the generator. When two wires come 
together, as do the two from the tops of the lamps 
and the other two from the bottoms of the lamps 
in Fig. 36, there can be only one potential at each 
junction. We cannot have two different potentials 
or voltages at the same point in a conductor or in 
a junction of conductors, Then, if the potentials on 
each side of the lamps are alike, there can be only 
one potential difference, and this potential differ- 
ence acts across each of the lamps. 





Fig 37. Three Resistances Connected In Parallel. 


When we know the potential difference across all 
the parts connected in parallel, and know the re- , 
sistance of each part, it is a simple matter to de- 
termine the current in each part. All we need to 
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do is use Ohm’s law which says I = E/R. As an 
example, consider the parts shown in a parallel con- 
nection by Fig. 37. The potential at the top of 


the diagram is 30 volts, at the bottom is 6 volts, 


so the potential difference across A, B and C must 
be 24 volts. A voltmeter connected across any one 
of these units would read 24 volts. 

The resistances of the units of Fig. 37 are marked 
in the diagram. Knowing the potential difference 
(E) and the resistance (R) for each unit allows 
finding the currents for each unit as follows: 


Unit A I = E/R = 24/4 = 6 amperes 
Unit B I = E/R = 24/3 = 8 amperes 
Unit C I = E/R = .24/12 = 2 amperes 


The total current for the units of Fig. 37 must be 
the sum of the separate currents, or must be 
6 + 8 + 2 amperes, which makes a total of 16 
amperes. 

Now let’s consider the three units of Fig. 37 as a 
group. For the entire group we know that the 
potential difference is 24 volts, which is the same 
as the potential difference for each unit. We have 
figured out that the total current is 16 amperes for 
the group of parts. Now, what is the effective 
resistance of the entire group of units, or what 
would be the resistance of a single unit equiva- 
lent to the three? 

As is usual when having to solve an electrical 
problem we call on Ohm’s law. We wish to learn 
the effective resistance, so must use the formula for 
resistance or use R = E/I. Let’s put our known 
potential difference (E) and our known total cur- 
rent (I) into this formula. 

R= E/I = 24/16 = 1% ohms, the equiv- 
alent resistance. 

Supposing that we do not know the potential 
difference, but know only the resistance of several 


units connected in parallel and wish to know their’ 


equivalent or effective resistance considered as a 
group. All we need do is select any voltage, prefer- 
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ably a number of volts into which each of the num- 
bers of ohms resistance will easily divide. For 
the resistance of Fig. 37 we might select 72 volts. 
Then we figure out the separate currents for 72 
volts instead of 24 volts and find that they will be 
18, 24 and 6 amperes. The total current then is the 
sum. 18 + 24 + 6, or is 48 amperes. Finally we 
use Ohin's law to find the effective resistance, this 
way, 


R= E/l = 72/48 = 1% ohms. 


This is an easy way to figure out the effective 
resistance of any number of resistances connected 
in parallel; just select any voltage, calculate the 
currents, and tse the total number of amperes and 
the selected number of volts in Ohm’s law for re- 
sistance, R = E/I, and you will have the equivalent 
number of ohms. 

The rule usually used in cases like this says that 
the sum of the reciprocals of the separate resist- 
ances equals the reciprocal of the equivalent resist- 
ance. The reciprocal of any number is 1 divided 
by that number. To apply this rule to the example 
of Fig. 37 we would have to add the reciprocals 
of the resistances. 

I I 1 
— + — +t — = ? 
4 3 12 


To add fractions they first must be changed to 
equal fractions all having the same denominator, or 
the same number below the line. Our present frac- 
tions may be changed so that. all have 12 for the 
denominator, thus, 


eres a et act 
4 3 12:1 2 i2 
Then we may carry out the addition. 
3 8 
— +t — + — = — 
12 12 12 12 
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Here we find that 8/12 is the reciprocal of the 
resistance. The reciprocal of any fraction is that 
fraction inverted or turned upside down. Then the 
reciprocal of 8/12 is 12/8, and 12/8 is equal to 1%, 
which is the equivalent resistance in ohms. 

| Fig. 38 shows another example of resistance in 
parallel. It would be a good idea if, before looking 
at the answer which will be given, you work out 
the equivalent resistance for yourself, either by 
selecting any convenient voltage and using Ohm’s 
law to find currents and then the resistance or else 
by using the reciprocals of the separate resistances. 


OMILITI 


Fig. 38. Resistances In Paralel for Which the Equivalent Resistance 
Is To Be Calculated. 


The reciprocals of the numbers of ohms are, 
j 1 1 1 1 1 


` 


PE o y 


To simplify the last fraction, 1 over 14, we may 
actually divide 1 by 4, which gives us 4. To 
change 4 into a fraction we may write it as 4/1,.so 
instead of working with 1 over yj we' may sub- 
stitute 4 over 1, to which it is equal. For the next 
step we may change all the fractions so that they 
have 20 for a denominator and add them, thus, 


20 4 1 5 80 110 

— + — t — t — +t — = 

20 20 20 20 20 20 
Since 110/20 is the reciprocal of the resistance 

we must invert this fraction to get 20/110 as the 
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number of ohms. This fraction 20/110 should be 
simplified to 2/11, which is the equivalent resistance 
in ohms of the five parallel resistances. 


Fig. 39 shows four lamps connected in parallel, 
each lamp having a resistance of 40 ohms. When 
all the parallel resistances are alike their equiva- 
lent resistance is equal to the resistance of one unit ` 
divided by the number of units. In Fig. 39 the 
equivalent resistance must be equal to 40 ohms | 
(resistance of one lamp) divided by 4 (the number 
of lamps), or must be equal to 10 ohms, 





Fig. 39. Equal Resistances In Parallel. 


In practice many problems will arise which re- 
quire the calculation of total resistance of two 
resistances in parallel, and there is a most con- 
venient formula for computations of this type. If 
one resistance is called R; and the other R,, the 
total resistance Rz may be found from the formula 


R XR, 


Rr = €— 
RER, 


Note that this formula merely indicates that we 
must take the product of the two resistors and 
divide this value by the sum of the two resistors. 

By repeated application of the same formula, the | 
total resistance of any number of parallel resistances 
may easily be determined. 


Below is an example of how the “product over 
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sum” method which shows how the formula may 
be repeated to find the total resistance of a network 
of conductors having any number of parallel paths. 
The solving of a network having three parallel re- 
sistors requires two steps; the first takes any two 
resistors and, by the product over sum method, 
finds the equivalent resistance of this pair; the 
second step takes this equivalent resistance and 
combines it with the remaining resistor as indicated 
in the example given below. 





Rr Re _ 4X12 _ 48 = 
R T a 


Adding to Example No. 1: 





I We found the equivalent resistance to R; and Re 
in parallel to be 3 , so we can use 3 as Ri in 
| relation to R3 and indicate as follows: 
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The equivalent R can be indicated: 


Ry 
2n 


R« for the network —2 ft 


In wiring diagrams such as apply to the elec- | 
trical equipment in buildings you often will find 
lamp circuits as shown in Fig. 40. At A there are | 
12 lamps in series, which requires only a single wire | 
or conductor running from lamp to lamp. At B the 
12 lamps are connected in parallel, which requires 
two wires or conductors so that both sides of each | 
lamp may be connected directly to the source of 
current. : 
| 
| 


_ There are three important facts to keep in mind 
about parallel conections. Here they are: 


The current for the parallel group is equal to 
the sum of the currents in the several units. 


The potential difference is the same across all 
units in the parallel group. 


The equivalent resistance of the parallel group 
always is less than the smallest separate resistance. | 


Networks that have a relatively complicated ap- | 
pearance may be solved without too much difficulty | 
if a logical procedure is employed. The example 
below shows how this may be done. Note that in 
this type of problem the network is solved a step ' 
at a time, starting at the end of the circuit and 
working back toward the source. | 


i 
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TO FIND R OF A NETWORK 


Find equivalent R ior Rı and Re, which are in 
series with each other. 


10 SL 






Equivalent R — 60. 43- 4^ — 10N 


Find equivalent R for Rs and R4, which are in 
series with each other. 


tO 


Eq. R for 
Ri & Rs 
10.0. 


Equivalent R — 3/11 --7ft — 10 ft 


Find equivalent R for Ry, Re, Rs, Rg. 
10 





Equivalent R = m ONDE 
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‘Find equivalent R for Ry, Re, Ra, Ra; Rs. 
10 .n. 





Equivalent R = io = ae = 45N 


Find equivalent R for Ry, Re, Rg, Ry, Rs and Rg. 
10 SL 


Eq. R 
for Ry, Re; 
Rs, Ra, Rs = 
4.5 ft 





Equivalent R = 109+ 4.59 = 14.5 7 


— 14.5 Sf. 


Final R for entire network = 14.5 f. 


SOURCES CONNECTED IN SERIES 

Two water pumps are connected end to end or in 
series for the water circuit of Fig. 41. With the 
pumps connected this way it is plain that the rate 
of water flow, in gallons per minute, must be the 
same through both pumps. One pump adds to the 
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pressure developed by the other one. If we as- 
sume that water comes to the inlet of the lower 





A B 





Fig. 40. Diagram for Lamps Connected In Series and In Parallel. 


pump with zero pressure, and that this pump is 
capable of producing a difference in pressure of 
50 pounds per square inch, water will issue from 
the lower pump and pass to the inlet side of the 











Fig 41. Wate: Circuit With Two Pumps Connected In Series. 


upper pump at this pressure. If the upper pump 
is capable of producing a difference in pressure of 
50 pounds per square inch, this pressure will be 
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added to that already existing at the pump inlet, 
and from the upper pump water will issue with a 
pressure of 100 pounds per square inch. 








Fig. 42. Electric Circuit With Two Generators Connected In Series. 


Fig. 42 shows an electric circuit with two gen- 
erators connected in series. As in all series cir- 
cuits, current is the same in all parts, including 
the generators. The generators are capable of 
applying a difference in potential of 100 volts each 
to current flowing through them. Just as with 
the water circuit of Fig. 41, the electric poten- 





Fig. 43. Sources In Series Add Their Potentials. 


tial differences will add together and the total 
for the two generators will be 200 volts. 
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Fig. 43 shows three dry cells connected in se- 
ries and furnishing current to a lamp. Each dry 
cell produces a potential difference of 114 volts, 
so the three in series produce a potential difference 
of 3 X& 1%, or 4% volts for the battery of cells. 

With sources connected in series, their potential 
differences add, but the current can be no more than 
that through one of the sources. It is not necessary 
that sources in series provide equal potential differ- 
ences. If a 110-volt generator and a 10-volt gen- 
erator are connected together in series they will 
furnish a total potential difference of 120 volts. 
But, and this is important, the current taken from 
the two generators in series must be no greater than 
safely may be taken from either of the generators 
alone. If one generator alone is capable of de- 
livering 15 amperes of current, and the other alone 
is capable of delivering only 3 amperes, then the 
maximum current from the two in series may be 
no more than 3 amperes. A greater current will 
overheat and seriously damage the generator hav- 
ing the smaller current capacity. 


SOURCES CONNECTED IN PARALLEL 


Assume we have taken the two water pumps 
which were connected in series in Fig 41 and have 
re-connected them in parallel. Each pump still is > 

\ capable of furnishing a pressure difference of 50 
pounds per square inch when pumping water at the 
rate of 100 gallons per minute. If each unit pumps 
this 100 gallons per minute, the combined flow from 
the two together passes into the common outlet 
pipe and makes 200 gallons per minute. P 

The total difference in pressure from the two 
pumps in parallel, as they deliver water to the 
tank circuit, will be equal only to the difference 
in pressure of one pump. The pressures from 
the two pumps come together in the common 
pipe connected to their outléts. If the pressure 

| in this common pipe were any greater than that at 





the pump outlets, we would have the impossi- 
^ 
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ble condition of a high pressure and a low pressure 
existing at the same point in the water circuit. 


Fig. 45 shows two electric generators connected 
in parallel. Each generator is capable of delivering 
50 amperes flow at a difference in pressure of 100 
volts. Just as with the parallel water pumps, the 
current from these parallel generators will add 
together to make a total flow of 100 amperes, but 
the potential difference applied to the external 
circuit will be only that of one generator, or only 
100 volts. 





Fig. 45. Electric Circuit With Two Generators In Parallel. 


In Fig. 46 we have four dry cells connected to- 
gether in parallel. The potential difference applied 
to the resistor will be that of one dry cell, or will 
be 1% volts. However, the current which may be 
sent through the resistor will be four times the 
current that could be taken from one dry cell. The 
maximum current from one dry cell ordinarily is 
considered to be one-quarter ampere, so the four 
cells in parallel would furnish a maximum of one 
ampere. 


With sources connected together in parallel the 
combined potential difference will be the same as 
that from one of the sources alone, but the com- 
bined current will be as great as the sum of the 
currents which might be taken from all the sources. 


When sources are connected together in parallel 
they all must have the same potential difference 


67 





a EN E EE RI E TENE T RR M INT MEE E RR a ee mee m 


Connections i 


or voltage. If one of the water pumps in Fig. 44 
produced a pressure difference of 100 pounds and 
the other a pressure difference of 50 pounds, the 
higher pressure would force water backward 





Fig. 4& Sources In Parallel Add Their Currents. 


through the pump of lower pressure. If you were 
to connect a 100-volt generator and a 50-volt gen- 
erator in parallel, the 100-volt unit would send 
current in a reverse direction through the 50-volt 
unit. Connecting a 2-volt storage battery and a 
1%-volt dry cell in parallel would send current 
backward through the dry cell. 


Provided that sources in parallel have the same 
voltage they need not have the same current capac- 
ity. You might connect in parallel a large and a 
small storage cell, because regardless of size all 


' storage cells of a given type provide the same 


voltage. Each cell would furnish to the external 
circuit its proportionate share of the total current, 
and neither cell would force current backward 
through the other one. 


Y POWER AND ENERGY 


When first commencing to study electricity and 
the electric current we became acquainted with the 
word energy, and found that energy means the 
ability to do work. . At that time we did not talk 
about the real meaning of work as the word is used 
in a mechanical or technical sense; This we must 
do before we can understand the meaning of elec- 
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trical power and power measurements. 

A common definition says that mechanical work 
is done when any kind of energy is used to produce 
motion in a body formerly stationary, or to increase 
the rate of motion of a body, or to slow down its 
rate of motion. For example, you use muscular 
energy when you lift a stone from the floor onto a 
bench, and you do work. Were the stone too heavy 
for you to lift you would have done no mechanical 
work no matter how hard you tried, for you would 
have caused neither motion nor change of the rate 
of motion in the stone. This latter statement shows 
how different may be the everyday and the techni- 
cal uses of a ward. Most people would say that you 
might do a lot of work in trying to lift a stone too 
heavy to move but the engineer would say that you 
had done no mechanical work. 


The most generally used unit of work is the 
foot-pound. One foot-pound of work is done when 
a mass (which us usually call a weight) of one 
pound is lifted one foot against the force of gravity. 
The total amount of work done is equal to the 
number of feet of motion multiplied by the number 
of pounds moved. If the stone we talked about had 
a mass (which is usually called a weight) of one 
through a distance of five feet you would have done 
20 times 5, or 100 foot-pounds of work. 

Whether you did all the moving of the stone at 
one time or whether you lifted it through one foot 
during each hour for five hours the amount of work 
would have been the same, because work involves 
only the mass moved and the distance through 
which it is moved. Time doesn’t enter into the 
matter of mechanical work. 


MECHANICAL POWER 


Power is the rate of doing work. Supposing you 
lifted the 20-pound stone through the distance of 
five feet in one second. You would have done 100 
foot-pounds of work in one second, and would have 
worked at a rate of 100 foot-pounds per second. 
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Your power rate would have been 100 foot-pounds 
per second. Power involves work and time. One 
of the units in which power may be measured is 
"foot-pounds per second". Power is equal to the 
total amount of work divided by the time taken to 
do the work. It is assumed that the work is being 
done at a uniform or constant rate, at least during 
the period of time measured. 


Instead of taking one second to lift the stone 
supposing you took two seconds. Then your power 
rate would be 100 foot-pounds per two seconds, or 
only 50 foot-pounds per second. Taking twice as 
much time means half the power when the work is 
the same. If you took four seconds to lift the weight 
the power rate would be 100 foot-pounds per four 
seconds, or only 25 foot-pounds per second. 


The foot-pound per second is a unit too small to 
be used in practise. Mechanical power most often 
is measured in the unit called a horsepower. One 
horsepower is the power rate corresponding to 550 
foot-pounds per second. Since there are 60 seconds 
in a minute, one horsepower corresponds also to 
550 times 60, or to 33,000 foot-pounds per minute. 


An electric power at the rate of one horsepower 
would be capable of raising a weight of 33,000 
pounds through a distance of one foot in one 
minute. At the same rate of one horsepower the 
motor would lift during one minute any number of 
pounds through a distance such that the pounds 
times the number of feet equalled 33,000. 


ELECTRIC POWER 


In order that the electric motor might. continue 
working at the rate of one horsepower we would 
have to send electric current through the motor at a 
certain number of amperes when the pressure dif- 
ference across the motor terminals was some certain 
number of volts. The number of amperes and the 
number of volts would have to be such that, multi- 
plied together they would equal 746. We now need 
a unit of electric power to describe this product of 
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amperes and‘volts. Ordinarily we use a unit called 
the watt. One watt is the power produced by a cur- 
rent of one ampere when the pressure difference is | 
one volt. We could-use for our unit of electric 

power the volt-ampere, meaning the product of | 
volts and amperes which produce the power. The | 
volt-ampere actually is used as a unit of power in 

some cases, which we shall investigate later on. | 


The total number of watts of power is equal to | 
the number of amperes of current multiplied by the 
number of volts pressure difference, both with ref- 
erence to the device in which power is being pro- | 
duced. In a preceding paragraph we said that the | 
number of amperes times the number of volts must 
be 746 to produce one horsepower. Then we may 
say that 746 watts of electric power is equivalent | 
to one mechanical horsepower. 


The symbol for electric power in watts is W. We 
may use this power symbol together with E for 


volts and I for amperes to make a power formula, 
thus, 


W -— EXI 
Power in watts = volts X amperes. 


With this formula we may learn the number of 
watts of power when we know the number of volts 
pressure difference and the number of amperes cur- 
rent. With two more formulas we may learn the 
number of volts when knowing watts and amperes, 
and the number of amperes when knowing watts 
and volts. Here are the formulas: 





Ww watts 
ES Volts = 
I amperes 
W watts 
I= —— Amperes = 
E volts 


Here are three typical problems in which we use 
the three formulas relating to power in watts: 
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With an ameter in series you find that an electric 
flatiron is carrying 6 amperes while a voltmeter 
shows that the voltage difference across the connec- 
tions to the iron is 120 volts. We may us the 
formula W = Ex] to find the power in watts being 
used to heat the iron. 


W-EXI W = 120 X 6 = 720 watts 


Supposing you use an ammeter to measure the 
current in a lamp as 1% or 1.5 amperes and find 
that the lamp is marked as requiring 150 watts. 
What is the voltage difference at the lamp terminals. 
To find the number of volts we use the formula, 
E = W/I. - 


W 150 
— = — = 100 volts 

I 1.5 : 

In this example you are assuming that the lamp 
actually is using power at the rate of 150 watts. Of 
course, if the actual power is more or less than the 
rating of the lamp the number of volts shown by 
the formula will not be exactly correct. 


If the 150-watt lamp were marked with its operat- 
ing voltage you could use the formua I= W/E to 
find the normal current in amperes for this lamp. 
Say that the lamp is marked as requiring 120 volts. 
The formula would be used thus: 


W 150 


LS = — = — = 1% amperes 
E 120 4 É 


POWER AND HEAT 


E = 


When an electric current is forced to flow in a 
resistance, such as in the resistance of the heating 
element of an electric range, the rate at which heat 
is produced depends on the current in amperes and 
the resistance in ohms. The rate of heat production 
depends also on the power being used in the re- 
sistance, this power being measured in watts. The 
relation between power in watts, current in, 
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amperes, and pressure difference in volts for elec- 
trical devices in which there is heating is an impor- 
tant one, and we find that we frequently need a 
formula which will give the number of watts of 
power when we know the current and the resistance. 

Our first power formula says that W — E X I, 
or, Watts = volts X amperes. 


Ohm's law for pressure difference says that 
E — I X R, or, Volts — amperes X ohms. 

Instead of using “volts” in the power formula 
let’s use the equivalent of volts, which, from Ohm’s 
law, we know to be “amperes x ohms”. Making this 
substitution gives a new power formula, like this: 


Watts = amperes X ohms X amperes 
or IXRXI 


. In this power formula we have only amperes and 

ohms, we have gotten rid of the volts. Let’s use the 
formula to learn the power in watts being used in 
a resistance of 10 ohms when the current is 5 
amperes. 


Watt = IXRXI=5xX10X5 = 250 watts 


Instead of writing this formula as I X R X I, we 
might write it as IX I X R, which would give the 
same result. When we multiply a quantity by itself, 
as I X I, we usually say that the quantity is squared. 
Instead of writing I xX I we would write I?, which 
means the same thing. Then our new power 
formula becomes W = PR. 

You will find as we proceed with our study of 
electrical apparatus that this formula, W = I?R, is 
one of the most useful in our whole collection. It 
always will tell us the number of watts of power 
used in producing heat in a resistance. 


ELECTRIC ENERGY. 


The total available energy which may be changed 
into work, or which will do work, must be a 
measure of the total amount of work that can be 
done with that particular source of energy, such as 
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a battery for example. If less than the total avail- 
able energy does work, then the amount of energy 
actually used must correspond to the amount of 
work actually done. Energy and work are so closely 
'related that we use the same units of measurement 
for both. For instance, the foot-pound is a unit of 
work and also is a unit of energy which may do 
work. 


The foot-pound is a unit of mechanical energy or 
work. The foot-pound per second and the horse- 
power are units of mechanical power. We already 
have become acquainted with a unit for electric 
power, the watt, but so far we have no unit in which 
to measure electric energy. 


Our unit of mechanical energy or work, the foot- 
pound, measures a total quantity of work, such as 
the work done in lifting the 20-pound stone onto 
the bench. The foot-pound does not measure a rate 
of working, or a power rate, but measures a definite 
quantity of work. To have a unit of electrical energy 
or work we must have one that represents some 
total quantity and not a rate of working. Such a 
unit is the watt-hour. 


One watt-hour of electric energy is the quantity 
of energy used with a power rate of one watt when 
this rate continues for one hour. That is, the watt- 
hours of energy are equal to the number of watts 
multiplied by the number of hours during which 
power is used at this rate. A 60-watt electric lamp 
uses energy at the rate of 60 watts so long as it is 
lighted to normal brilliancy. But the total quantity 
of energy used by the lamp depends also on the 
total length of time it remains lighted. If the 60- 
watt lamp is kept lighted for 10 hours it will have 
used 60 x 10, or 600 watt-hours of electric energy. 


Just as we use the kilowatt instead of the watt 
for measuring large powers, so we use the kilowatt- 
hour, abbreviated kwhr, for measuring large quanti- 
ties of electric energy. Most bills for electric light 
and power are rendered in kilowatt-hours. It is the 
total quantity of energy that you use that is the 
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Fig. B. 200 volt generator supplying 4000 W machine. 


FIELD PROBLEMS 
Suppose on some future job you have a case as in 
Fig. 8. Your generator supplies 200 volts to a 4000 
watt machine. How much current will the machine 
use, or what should an ammeter read, if connected 
in this circuit? 


WFE- I, or 4000+ 200—20 amperes. 











Fig. 9. Generator supplying 5 amps to a 600 watt lamp. What is 
the generator voltage? 


The next day you have another problem as iu 
Fig. 9. You have a special lamp of 600 watts, and 
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an ammeter in its circuit shows the lamp is using 
5 amperes. What is the voltage of the circuit to 
which the lamp is connected? 
Here we use the third formula. 
W —I—E, or 600+5=120 volts. 
The three watts law formulas can also be simpli- 
fied for use in the following manner: 


W 





LXE 

Then by covering the one you wish to find the 
value of, the remaining ones indicate what to do. 

There are also two other very convenient for- 
mulas for finding the power in watts, when we do 
not know both the amperes and volts, but may 
| know either the amperes and ohms, or the volts 

and ohms of the circuit or device. They are as 
' follows: à 
DXR-W 
In which;— | E'*R—-W 
I* equals amperes squared, or multiplied by itself. 
E* equals volts squared, or multiplied by itself. 
R equals resistance in ohms. 
-In the first case if we have a circuit of 5 ohms re- 
. sistance and in which a current of 10 amperes is flow- 
ing, we square the current first and then multiply 
by resistance, or 10X10—100, and 100X5—500 
watts. ; 
| Or if in another circuit you found a device of 20 
ohms resistance connected to a line of 200 volts. 
You could very easily find its power in watts by 
using the formula E?+R=W, or 200 200—40,000, 
and 40,000+20==2000 W or 2 KW. 

To prove that all three of the formulas for finding 
power in watts are always dependable, try them all 
on the same circuit, where current pressure and re- 
sistance are all known. 

In Fig. 10, a generator of 440 volts supplies 22 
amperes of current to a device of 20 ohms resistance. 

Using the first formula, or IX E=W, we find that 
IX IE is 22440 or 9680 watts. 
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Using the second formula or je SA ECLOG 
find that I? X R is 22 X 22 X 20 or 9680 watts. 
Using the third formula or E? — R —W, we find 


i 440 X 440 
that E? — R-————— ——— or 9680 watts. 


20 





GENERATOR 


Fig. 10. 440 volt motor supplying 22 amperes to a device of 20 ohms 
resistance. Check all three of watts law formulas carefully 
on this circuit. 


So we see that we can depend on any one of thesc 
formulas that is most convenient to use for anv 
problem. 

You are not expected to memorize all these for- 
mulas at once. But practice using them frequently, 
on every practical electrical problem you can find, 


and soon they will be easy to use and remember. 
LINE DROP 


In electrical work we often hear the term Line 
Drop used. This refers to the voltage required to 
force the current through the line resistance alone. 
This becomes a very important item to consider 
on long transmission lines, or feeders of consid- 
erable length to lights and motors. If we have too 
much voltage drop in the line. we of course will 
not get enough voltage at the device operating at 
the end of the line. 


The line drop in volts is proportional to the load 
carried, in amperes, and to the resistance of the 
wires, or 


Ed. = I X R. 
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In which :— 
Ed. equals line drop in volts. 
I equals current in amperes, flowing through 
line. 
R equals line resistance. 


^ 





Fig. 11. Water pressure tank and pipe line to water turbine. Note 
drop in pressure in the pipe line, by readings of the two gauges. 
In Fig. 11, we have a water pressure tank, and 

pipe line. While the water is flowing through the 

pipe, it creates friction or resistance. Some pres- 
sure is required to overcome this resistance in the 
pipe and maintain a given flow 





Fig. 12. Generator, lamp and meters connected for testing ''voltage 
drop” and proving Ohms Law Formulas. , This is typical o: 
problems encountered by the head electrician in the field. 


The gauge on the pipe near the tank, shows 100 
lbs. pressure, but the one at the end of the pipe only 
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shows 90 Ibs. pressure. So 10 lbs. pressure was used 
to force the water through the pipe resistance, and 
90 Ibs. used to force it through the water wheel. 


In Fig. 12 is shown a generator producing 130 
volts, and sending current of 5 amperes over a line 
of 4 ohms total resistance, to a lamp which requires 
5 amperes at 110 volts to operate it. 

You will note there is a difference of 20 volts be- 
tween the reading of the voltmeter at the generator 
and the one at the lamp. This shows a line drop of 
20 volts. 

An ammeter near the generator shows five amp- 
eres flow to the lamp, and one at the lamp shows 
5 amperes flow from the lamp back to the generator. 

So if there are 5 amperes flowing through each 
side of the line, and each line wire has 2 ohms resist- 
ance, then by using the formula IX R—Ed, we have 
5X2 or 10 volts drop in each wire, or 20 volts total 
line drop. ` 

Voltmeters connected as at (A) and (B) would 
each show 10 volts drop. 

So in this case we have 20 volts used to force the 5 
amperes of load current through the line resistance, 
and 110 volts used to force the current through the 
lamp resistance. Or a total of 130 volts required at 
the generator. 

LINE LOSS 

This term refers to the power consumed by the 
line, and which goes into heat along the line. It is 
usually expressed in watts. 

This is found with our regular Watts Law for- 
mulas, but using only the voltage drop in the line 
itself, to multiply by the current. 

In the problem shown in Fig. 12% the line loss is 
IXEd=W, or 5XxX20=100 watts. 

Such problems as this are frequently encountered 
by the practical man when installing or inspecting 
wires feeding lamps or motors. And the man who 
knows these simple rules and formulas, is the man 
who is most valuable to his employer, and bound to 
advance most rapidly to the better jobs and salaries. 


Do c 
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POLARITY OF CONNECTIONS 


All sources which are connected together in se- 
ries or in parallel must have their positive and nega- 
tive terminals connected together in such a way 
that all of them act to send current in the same 
direction through the external circuit. With a se- 
ries connection of sources the positive terminal of 
one source is comected to the negative terminal 
of the one following, as shown by the “Correct” dia- 
gram in Fig. 47. If one or more of the units are 
reversed, as in the “Wrong” diagram, the poten- 
tial of the reversed unit will oppose or buck the 
potentials of the other units. If the units have 
equal potentials each one that is reversed will 
cancel the effect of one that is correçtly connected. 
If the units of Fig. 47 were 2-volt storage battery 
cells the three conected right would deliver a total 
of 6 volts, but with one reversed the total ex- 
ternal potential difference would be only 2 volts, 
because two of the cells cancel each other. This 
has puzzled many men who have assembled a stor- 
age battery with one cell reversed. 


| Connect 
Waone. 


Fig. 47. Polarities of Sources Connected In Series. 








Fig. 48 showg three sources connected together 
in parallel. One diagram shows the right method 
of connection, with which all three units send cur- 
rent the same way to the external circuit. In the 


,wrong connection one urfit is reversed. Then the 


current from this unit circulates as shown through 
the other units instead of going to the external 
circuit. Because of the low internal resistance of 
sources, such an incorrect parallel connection will 


x 
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cause immense currents to circulate, and the units 
quickly will overheat and be ruined. In a parallel 
connection of sources all positive terminals must be 
connected together and all negative terminals must 
be connected together. 


Connect. $ Wrong 


Fig. 48. Polarities of Sources Connected In Parallel. l 


COMBINED SERIES AND PARALLEL 
CONNECTIONS 


Fig. 49 shows six cells. Three are connected in 
series to make one group, and the other three are 
connected in series to make a second group. If 
these are dry cells furnishing 114 volts each, the 
total voltage of each group will be 414 volts, but 
the current from the group should be no more than 


Fig. 49. Six Dry Cells Connected In Serles-perallel. 


from a single cell. The two groups of Fig. 49 are 
connected together in parallel. The voltage of 
sources in parallel is the same as that from one 
source, so here we still have only 414 volts. But 
a parallel connection permits a current equal to the 
sum of the currents from the sources so connected. | 
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» 
This means that the current from the arrangement 
of Fig. 49 may be twice the current from one 
group, or twice the current from one cell. 

When units are connected in series to form 
groups, and the groups connected in parallel, 
the combination is called series-parallel connection. 
The overall voltage is that of one of the series 
groups and the overall current is the sum of the 
currents from the groups. 


In Fig. 50 the six cells have been re-connected 
with pairs in parallel. Two cells in parallel will de- 
liver the same voltage as one cell, but twice the 
current. The three parallel groups are connected 
together in series. Sources in series will deliver 
a total voltage equal to the sum of the separate 
voltages, so here we have three times the voltage 
of one cell. But sources in series will deliver a 
current only as great as that from a single source. 
Each source in the series connection is a two-cell 
group whose current is twice that of a single cell, 
so the curent from the entire combination is only 
twice that from a single cell. 





Fig. 50. Six Dry Cells Connected In Parallel-series. 


Cells or other sources connected in series to form 
a group must be considered as though the group 
were a single source when it comes to making the 
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parallel connection. It would not do to have three 
cells in one series group to provide 414 volts, and 
six cells in the other series group to provide 9 volts. 
This violates the rule that the voltages must be 
the same for sources connected together in parallel. 


The voltages of all series groups must be made alike 


by using the same number of similar cells in each 
group. 
ELECTRICITY IN MOTION 


In the preceding pages we have discussed the 
behavior of electricity in motion or of the electric 
current, and have studied most of the important 
rules and laws which tell just what will happen 
when electricity flows in a circuit. The subject 
of the electric current was given first consideration 
because nearly all practical and useful electric de- 
vices and machines depend for their action on flow 
of current in them; also because an understanding 
of how this flow, takes place will make it easier to 
understand everything which is to follow. 

We have dealt primarily with the action of direct 
current, which is a current flowing always in one 
direction around a circuit, but when we come to 
study alternating current you will find that every- 
thing learned about direct current will help in that 
field, too. 

In the following section we shall learn some- 
thing about how chemical changes produce an elec- 
tric current, and how things may be turned around 
to produce useful chemical changes from a flow 
of current. AE 
VOLTAGE DROPS AROUND A D.C. CIRCUIT 


Consider the following facts concerning a series 
circuit: 

The current (I) has only one path. 

B. Current in amperes will be the same in all parts. 

C. The voltage drops will add to equal the source 
voltage. 

D. RT will equal the sum of all resistors added 
together. 
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.Example No. 1: 
Rr = RitRo+Ra=4246N4 2n= 120 
Ri Rr FAIA 








| Eq across Ri =IXR=1X4=4E 
Eq across Ro— IX R-1Xx6-—6E 
Ea across Ra IX R—1XxX2-—2E 
The total E =the sum 12E e 
Source Voltage 12 E 
. The sum of the voltage drops = Applied Voltage. 


Example No. 2: 
Rr =Rit Ret Rg+Rsy = 4N43N42N43N= 
2A Ry = 12K 
Ri í 
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E across Ri =IKR=2X%4=8E 
Eq across R5 IX R—-2x3-26E 
Eq across R3 IX R=2K2=4E 
Ea across R,— IX R—2XxX3-—6E 

Total Eq = 2E 


Source E = 24E 


Questions Example No. 2: 
1. What is the rate of current flow in Ry, Re, 
Rs, R4? 
What is the rate of current flow in the battery? 
What is the drop in voltage from a to b, 
b to c, c to d, d to e? 
What is the drop in voltage from a to b, 
a to c, a to d, a to e? 
Does the sum of the voltage drops equal the 
voltage drop from a to e? 
What is the value of the rise in voltage from 
e to a. 
What is this voltage called? (Terminal volt- 
age)—(Not EMF) 
7. Does the sum of the tolere drops across Ry, 
Ro Rs, R4 — Source E? 
8. Can we conclude that this E be true in 
all cases? 
9. What general statement can we make con- 
cerning this relation? 


O m e WN 


Summarizing 

Kirchoff's Voltagé Law: 

The sum of the voltage drops around a D.C. cir- 
cuit will equal the source or applied voltage. 


DISTRIBUTION OF CURRENT IN 
PARALLEL CIRCUITS 


Consider the following facts concerning parallel 
circuits: 
A. Current has two or more paths. 
B. IT will be the sum of all currents. 
C. Equal voltage will be applied to all paths 
joined to the same two points. 
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Example No. ! 


- Note: E applied to each path is the same 
MU neu 
Tin Ry = Ro 21 
Hin R, 2E «12 — 41 


— 
^ 
to 


3 
linRs =E= 2 soi 





Special Notice— 
Current flows in all paths but it flows at highest 
rate in the path of lowest resistance, 

Questions: 

]. What is the current flow from a to b? 

Does current divided at point b? 

What is the current m the path of Ry? 

What is the current in the path of Ry? 

What is the current in the path of Rg? 

6. Does the sum of these currents equal the 
current. flowing from a to b? 

7. Does the current. flowing toward point b 
equal the sum of the current flowing away 
from that point? A 

8. Does the sum of the currents in Ry, Rs and 
Rs equal the current flowing from c to d? 


end fede 


9. Does the sum of the currents flowing toward 
~ point c equal the current flowing away from 


v 
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10. Would the same be true in all parallel cir- 


cuits? 
11. What conclusions can be reached? 
Summarizing 


Kirchoff’s Current Law: 

The sum of the currents flowing toward any point 
in a network will equal the sum of the currents 
flowing away from the same point. 


ELECTRICITY AND CHEMICAL ACTION 


The fact that chemical action will produce a 
direct current of electricity was accidentally dis- 
covered in 1785 by Luigi Galvani, an Italian pro- 
fessor of physiology, while dissecting a frog. He 
touched the frog to a piece of iron and noticed that 
one of the legs twitched, just as your leg would 
do when traversed by an electric current. While 
trying to explain what really happened in the frog 
leg, Volta, after whom the volt is named, devised 
an arrangement of alternate pieces of two different 
metals separated by paper moistened in water and 
acid. This “voltaic pile’ produced a continuous 
flow of electricity. 





Fig. 52. The Simplest Type of Voltaic Cell for Producing a Current. 


The simplest “voltaic cell” consists of a strip of 
copper and a strip of zinc immersed in a solution 
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of sulphuric acid and water as in Fig. 52. The metals | 


: 








Cells Bens 


are called elements or plates, and the liquid is 
called the electrolyte. An electrolyte is a mixture 
with water of any substance which permit the 
liquid to act as a conductor for electricity. The 
substances used are salts, acids or alkalies. 


PRIMARY AND SECONDARY CELLS 


If the elements of the cell in Fig. 52 are con- 
nected to an external circuit, current will flow 


-~ through this circuit from the copper element to the 


zinc element. The copper has become positive 
with reference to the zinc, which is negative. At 
the same time the zinc will commence dissolving 
into the acid electrolyte and be destroyed. Hydro- 
gen gas will separate from the acid and collect.as 
bubbles on the copper. The gas is an insulator, 
and after a short time will so cover the copper as 
to prevent further flow of current. 

Al practical cells which produce current by de- 
struction of a metal have zinc or some compound 
of zinc for one of their elements, and the zinc ele- 
ment always is negative. In all these cells the zinc 
is gradually dissolved or eaten away, but nothing 
happens to the other element, which is positive, In 
all cells there is a pronounced tendency for gas to 
collect on the positive element and to retard or 
prevent flow of current. This action of the gas 
is called polarization of the cell. Most of the dif- 
ferences between various types of cells are due to 
the different methods of removing the gas or 
of depolarizing the cell so that it may continue to 
furnish current. When nearly all of the zinc has 
been eaten away, or when there is practically no 
„more hydrogen to separate from the electrolyte, 

the useful life of the cell is ended. 


An electric cell which produces an emf and a flow 
of current while its elements and electrolyte un- 
dergo changes which render them no longer useful 
is called a primary cell. 


When discussing Fig. 16 we talked about a cell 
in which the chemical changes may be reversed by 


Cells 


sending through the cell a current in a direction 
the opposite of that which the cell furnishes to an 
external circuit. There the elements or plates and 
the electrolyte are restored to their original con- 
dition and the cell again is ready to provide an 
emf and current flow. Such a reversible cell is 

. called a secondary cell to distinguish it from a pri- 
mary cell Secondary cells usually are called 
storage cells, and two or more connected together 
are a storage battery. Fig. 53 illustrates a number 
of large storage batteries used for furnishing cur- 
rent in telephone work. 


CELL CURRENT AND VOLTAGE 


The emf and potential difference produced by any 
voltaic cell, primary or secondary, depends entirely 
on the materials in the plates and in the electro- 
lyte and not at all on the size or construction. A 
cell the size of your little finger would furnish 
just the same potential difference as any cell in the 
batteries of Fig. 53, provided both contained the 
same kinds of elements and electrolyte. 2 | 


The current that may be taken from a voltaic 
cell as a source depends on the the emf of the cell, 
on the internal resistance of the cell and the re- 
sistance of the connected circuit, and on the degree | 
to which polarization increases the internal resist- 
ance and thus cuts down the current. Current flow 
from a cell follows Ohm’s law, I = E/R, just as 
does current in every other circuit containing an 
emf and resistance. 


The total quantity of current that may be taken 
from any voltaic cell before the cell becomes dis- 
charged depends on the quantities of active chemi- 
cal materials in the plates and the electrolyte. Since 
more material means a bigger cell or battery, it fol- 
lows that the bigger the cell or battery the more 
electricity it will deliver. The quantity of electricity 
delivered might be measured in coulombs, but { 
nearly always is measured in ampere-hours. The 
quantity actually is measured as the number of 
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ampere-hours that are delivered before the terminal 
voltage or potential difference drops to some speci- 


fied value. 


TWO-FLUID CELLS 


eae 


The most practical way of preventing excessive 
polarization is to provide in the electrolyte, or 
mixed with the electrolyte, some substance which 


will furnish a plentiful supply of oxygen. 


The 


oxygen combines with the hydrogen to form water 
which remains harmlessly in the electrolyte space. 


Several types of cells accomplish such depolariza- 
tion by using two different fluids or liquids. 


One of the earliest two-fluid cells is the Daniell 
cell of Fig. 54. Inside the glass jar is a copper 
cylinder on one side of which is a copper basket in 
which are placed crystals of copper sulphate or 
“blue vitriol”. Inside the copper is a jar made of 
porous earthenware and around the outside of the 
copper is a solution of copper sulphate in water. 
Inside the porous jar is a piece of zinc with which 
has been mixed mercury. This amalgamated zinc 
is immersed in a water solution of zinc sulphate. 





Fig. $& A Daniell Two-fluid Cell With Liquids Separated By a 
Porous Cup. 


The porous jar keeps the two liquids separate, but 
allows electricity to pass through the liquid-filled 


pores. 
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A less costly type of Daniell! cell is the gravity 
cell of Fig. 55. The copper sulphate solution is much 
heavier than the solution of zinc sulphate, so the 
zinc sulphate solution floats on top of the copper 
sulphate and they remain'separated. In the copper 
sulphate solution at the bottom is placed a star- 
shaped arrangement of copper strips, and in the 
zinc’ sulphate at the top is suspended a “crow-foot” 
of amalgamated zinc. 





Fig. 55. Gravity Cell In Which the Lighter Liquid Floats Above the 


eavier . 


Either type of Daniell cell furnishes a potential 
difference which remains almost constant at 1.08 
volts. In order that the materials shall not dete- 
riorate too rapidly these cells must be used in cir- 
cuits where there is a continual small flow of cur- 
rent, hence these types may be called closed-circuit 
cells. These and other varieties of two-fluid cells are 
no longer commonly used, having been displaced by 
dry cells by the Edison primary cell, and by power 
furnished by lines which now enter most buildings 
to furnish electric light and power from central 
stations, 
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EDISON PRIMARY CELL 

The only primary cell of present-day importance 
using liquid electrolyte in jars is the Edison type, ` 
called also the Edison-Lalande cell, illustrated by 
Fig. 56. This cell is much used for telephone work, 





Fig. 56. The Edison Primary Cell. 


for railway signals as installed in Fig. 57, for many 
other kinds of signal systems, alarms, beacons, elec- 
tric clocks, and for any small current requirements 
such as for operating. electric time stamps and sim- 


ilar devices. 
There are three plates. The two outer ones, made 


of zinc and mercury, are connected together and to 
the negative terminal. The center plate (positive) 
contains copper oxide, the oxide furnishing oxygen 
for depolarizing action. This plate is covered with a 
thin layer of metallic copper to provide good con- 
ductivity. The liquid electrolyte is a 20 per cent 
solution of sodium hydroxide (caustic soda) in 
water. The liquid is covered with a layer of mineral 
oil which prevents evaporation of the electrolyte 
and prevents air im reaching and combining with 
the caustic. 
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The Edison primary cell has a potential of 0.95 
volt when no current is flowing. When current 
flows the potential difference drops to between 0.6 
and 0.7 volt. Various sizes of cells will furnish cur- 
rents of from one to six amperes intermittently, or 
from 0.6 to four amperes continuously. The total 
discharge ability varies from 75 to 1,000 ampere- 
hours in the several sizes. 





Fig. 57. Edison Primary Cells In a Railway Signal Tower. 


When the cell has been used enough to dissolve 
the zinc to the limit of practical discharge a thin 
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section, called an indicator panel, at the bottom of 
the zinc element will break through as shown in 
Fig. 58. The panel at the left has been eaten partly 
through, and the one at the right has completely 
disappeared, indicating complete exhaustion. Small 
sizes of cells may be discarded when exhausted, but 
in all the larger sizes it is economical to renew the 
plates and electrolyte, and put in fresh oil. These 
supplies are obtainable from the manufacturers or 
from electrical supply stores. 








Fig. 58. Zinc Elements of Edison Primary Cell, Illustrating Indicator 
Panels Which Show When Cell Is Exhausted. 

To renew a cell the old plates are taken out of the 
cell cover and thrown away, the liquid is emptied 
out and the jar washed clean. The new elements 
are held in the cover with the original nuts and 
washers. The jar is partly filled with clean water, 


then the caustic soda is added slowly while con-- 


stantly stirring the liquid with a clean stick or-a 
glass rod. The solution must be handled very care- 
fully, as it will burn the flesh and clothing if spilled 
on them. The liquid level then is brought up to 
the córrect point by adding more water. 

If the cell is to be used on open-circuit work, 
where there is not a continual flow of current, a piece 
of copper wire should be connected between positive 
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and negative terminals and left in place for a couple 


of minutes after the plates are immersed in the hot 

solution. The wire then must be removed. The elec- 

trolyte level should be kept within 34 inch of the. 
top of the jar by adding water to replace any 

evaporation. After adding water the electrolyte 

should be stirred to mix it. 


DRY CELLS 


From the standpoint of general usefulness the 
dry cell is the most important of the primary cells, 
since millions are made and sold every year. Fig. 59 
shows the external appearance and internal con- 
struction of the usual form of dry cell. The cell is 
contained within a cylinder or can of zinc which is 
the active negative element and which forms the 
negative terminal when connections are made by 
contact with other conductors, or to which may be 
fastened some style of screw or clip terminal for 
wire connections. Around the outside of the zinc 
is a cardboard cover which is the insulator for the 
cell. 





Fig. 59. The Outside and the Internal Construction of a Dry Cell. 


The positive element of the cell is a rod of car- 
bon, on top of which is a brass cap to which may be 
fastened a screw or clip terminal when such a con- 
nection is used. Surrounding the carbon rod is a 
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mixture of black oxide or manganese and powdered 
carbon. The black oxide furnishes oxygen for de- 
polarizing and the carbon provides good electrical 
conductivity. The positive carbon rod and the sur- 
rounding conductive mixture are insulated from the 
negative zinc cup by a layer of porous pulp paper 
or blotting paper which lines the zinc. The electro- 
lyte is a solution of sal ammoniac in water, which 
saturates the mixture and the paper liner. The top 
of the mixture around the carbon rod is covered 
with sand or other porous material and is sealed 
with a hard insulating compound. The largest size 
of the so-called “dry” cell actually contains about 
3.4 fluid ounces of water. 

The largest dry cell is 217 inches in diameter and 
6 inches high, the No. 6 size, and the smallest is 
7/16 inch in diameter and 11/16 inches high, the 
size N. There are many intermediate sizes. Re- 
gardless of size, one dry cell furnishes a potential 
of 174 volts when delivering no current or a very 
small current, and smaller voltages as the current 
increases. A cell in good condition will show from 
1.50 volts for the larger sizes down to 1.47 volts for 
the smallest size when a voltmeter is connected 
across the cell terminals. The testing voltmeter 
must be of a high-resistance type, which means it 
has a high resistance of its own and consequently 
takes little current. Usually, dry cells should not 
be tested with an ammeter or any other instrument 
of low resistance which allows the flow of a larger 
current than the cell is designed to deliver. 

When a dry cell has been discharged to the limit 
of its useful life its voltage will have dropped to 
between 0.75 and 1.1 while -a normal current is flow- 
ing from it. This “end voltage" depends on the class 
of cell tested. The large No. 6 cells should show 
0.85 volt if of industrial types, 0.93 volt if of general 
purpose type, and 1.08 volt if of telephone type. 
Flashlamp cells are discharged when they show 
0.75 to 0.90 volt while delivering normal current. 
Hearing aid cells are discharged at 1.0 volt, and 
radio batteries are discharged when they drop to 


. 


97 





Dry Celis 











CIRCE a ae i ea 
| 
Dry Cells 


between 1.0 and 1.1 volts per cell. 


Radio batteries consist of a number of dry cells 
assembled in a case and connected togehter in series 
to furnish various total voltages. Fig. 60 shows at 
the left a battery assembled with a special form of 
flat cells which save space and at the right an other- 
wise similar battery made up from cylindrical cells. 
The series connection shows up clearly in the right- 
hand picture. Here the left-hand terminal is the 
negative terminal. From here to the middle terminal 
there are 15 cells in series, providing 2214 volts af 
174 volts per cell. From the middle to the right- 
hand terminal there are 15 more cells, providing an 
additional 22% volts. Consequently, between the 
left-hand terminal and middle terminal, or from the 
middle to the right-hand terminal we may obtaain 
2212 volts, and from the left-hand to the right-hand | 
terminals may obtain 45 volts. Radio batteries in 


standard types may contain as many as 60 cells, to 
provide 90 volts. All the internal series connections . | 
are soldered or welded. | 


Dry cells deteriorate even if not used. A good 
cell may be kept idle or stored for about a year 
before deterioration is at all serious. Of a number 
of cells stored, five or six per cent will show a 
noticeable drop in voltage at the end of six months. 
Deterioration will be much worse if the cells are 
stored where it is damp, or where the temperature 
is very high. When the voltage of a dry cell has 
dropped, the internal resistance has increased to a 
high value. Therefore, one low-voltage cell used in 
a series or parallel group with other good cells will 
greatly reduce the voltage or current from the 
whole group. A badly discharged dry cell often will , 
show bulges or wet spots on the cardboard cover 
where the zinc has been eaten nearly or entirely 
through. 

Being of the primary type, dry cells cannot be 
recharged; however, the life of such cells may be 
considerably extended by periodically passing | 
through them a low value of current. Commercial 
charging devices are now available to simplify such 
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recovery, and the procedure consists merely of con- 
necting the dry cell to the proper voltage and al- 
‘lowing current of a relatively low value to flow 
through it for about 24 hours. Proper restoration 
procedure may increase the life of the ordinary dry 
cell many times. 

AIR-CELL BATTERY 


The air-cell battery or air-depolarized battery is 
a type designed for radio use. The negative element 
is zinc, The positive element is a rod of porous 
carbon which extends through the cell cover to the 
outside of the battery so that oxygen from the out- 
side air may enter through the pores of the carbor 
to effect depolarization. The electrolyte is a solu- 
tion of caustic soda in water. 


Each air cell furnishes a potential difference of 
1.25 volts while delivering its normal current. The 
cell potential will drop gradually to about 1.15 
volts at the end of its useful life. The air cell cannot 
be recharged nor can its elements be renewed. The 
only care required during the life of such a battery 
is to periodically add clean water through a filler 


opening to keep the electrolyte level at the correct 
point. \ 


STORAGE CELLS AND STORAGE 
BATTERIES 


Storage battery cells may be of the type using 
plates of lead and lead peroxide with an electrolyte 
of diluted sulphuric acid. This is called the lead- 
acid type. Another type uses plate materials of 
iron. and nickel with a caustic electrolyte. This is 
the Edison storage battery or the nickel-iron-alka- 
line storage battery. Both of these types of storage 
batteries will be examined in detail during a later 
seetion of our work. : 


ELECTROLYTE CELLS 


At the left-hand side of Fig. 61 we have a plate 
of zinc and another of carbon immersed in an elec- 
trolyte and connected through an external resistor. 


T 
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This voltaic cell will produce an emf or voltage, and 
current will flow through the external circuit from 
the carbon to the zinc while flowing inside the cell 
from zinc to carbon. We call the zinc the negative 
plate or element and the carbon the positive plate 
or element, these polarities referring to the poten- 
tials applied to the external circuit. Zinc dissolves 
from the’ negative plate and combines with other 
chemicals in the electrolyte. 


CURRENT 


VouTaic Cen Evecrnourtic Cau 





Fig. 61. Current Flow In Voltaic and Electrolytic Cells. 


At the right-hand side of Fig. 61 we have a cell 
with the same elements and with an electrolyte 
containing zinc in the form of zinc sulphate. If 
direct current is sent from an external source so 
that the current flows from carbon to zinc through 
the electrolyte, zinc will leave the electrolyte and 
will be deposited as pure metallic zinc on the plate 
or element toward which the current flows. This is 
an electrolytic cell and the action in the cell is called 
electrolysis. 


When talking about electrolytic cells we speak 
of the elements or plates as the electrodes. The 
electrode through which current enters the cell and 
passes into the electrolyte is called the anode. The 
oné through which current leaves the electrolyte 
and the cell is called the cathode. The anode is con- 
nected to the positive side of the external current 
source and the cathode to the negative side of the 
Source. 
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“When one ounce of zinc has been dissolved from 
the negative plate in the voltaic cell the cell will 
have delivered a total quantity of 23.24 ampere- 
hours of electricity. If the same quantity of 23.24 
ampere-hours of electricity is put through the elec- 
trolytic cell there will be deposited one ounce of zinc 
on the cathode from an electrolyte which contains 
zinc in some chemical form, The accompanying 
table lists the number of ampere-hours required to 
either dissolve or deposit one ounce of various 
common metals, depending on the direction of cur- 
rent flow. 

AMPERE-HOURS PER OUNCE OF METAL 


DEPOSITED OR DISSOLVED IN CELLS 


Goldene 3.85 Copper n 23.90 
Silvers ge ne 7.05 Tungsten .............- 24.80 
[read beret: 7.33 Nickel ccc rm 25.90 
Cadmium ............. 13.53 E NS (27.20 
Tin (12.9 (40.83 

bei dE c ara (25.6 Chromium. ............43.80 
Platinum .............. 15.57 - Aluminum ......... 84.50 
Zinc rc -23.24 


Where two values are shown the quantity de- 
pends on the chemical form of the metal. 


Electrolysis may be defined as the separation or 
addition of chemicals in an electrolyte, and the .dis- 
solving of metals from the anode and depositing of 
metals on the cathode, or at least the production of 
certain gases at the electrodes, when current flows. 
With many metals the process will work either 
way, the metal may be either dissolved or deposited, 
but with some metals, including nickel, iron and 
cobalt, the process can result in depositing the 
metals. 


EFFICIENCY OF ELECTRICAL APPARATUS 


As has been previously stated, the devices de- 
signed to generate electrical energy do not really 
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generate at all; instead, they convert some other 
form of energy into electrical energy; for example, 
the regular D.C. generator merely converts mechan- 
ical energy provided by the driving' unit into elec- 
trical energy, while the dry cell or the storage battery 
converts chemical energy into electrical energy. 


The process of converting energy from one form 
to another always involves a loss of some of the 
useful energy ; in other words, it is not possible to 
obtain from any conversion device as much useful 
energy as was put into it. In the case of the gen- 
erator, some of the mechanical energy required to 
drive it is lost in overcoming bearing friction, wind- 
age, and brush friction ; moreover, some of the elec- 
trical energy produced is wasted inside the gen- 
erator due to the heat generated by the armature 
current flowing through the resistance of the arma- 
ture winding. . 

As it is impossible to get out of any conversion 
device as much useful energy as was put into it, 
it becomes of interest to consider just how effective 
a given device will be in converting some other 
form of energy into electrical energy; this question o 
brings us to the problem of efficiency. If we put 
into the input end of a given conversion device a 
given amount of energy, and if we were able to 
take from the output end the same amount of en- 
ergy, then we would have a conversion device that 
had an efficiency of 100 per cent. If we were able 
to obtain from the output end only one half of the 
energy put in, then the efficiency of the device 
would be only 50 per cent. Although large gen- 
erators usually have an efficiency considerably above 
90 per cent, there are many types of electrical ap- 
paratus that have much lower efficiencies; for ex- 
ample, many fractional horsepower types of motors 
such as those used on fans, sewing machines, wash- 
ers, drills, and similar applications convert less than 
50 per cent of the electrical energy supplied to them 
into useful mechanical energy, the rest being con- 
verted mostly into useless heat inside the machine. 
Such machines may then be said to be less than 50 
per cent efficient. 

Consideration of the above material shows that 
the efficiency of a conversion device is the relation- 
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ship between the input and the output, the formula 
for percentage efficiency being as follows: 


output 
input 


Per cent Efficiency x 100 

In electrical problems involving efficiency, the 
output and input is usually expressed in watts. Con- 
sideration of the formula shows that the greater 
the output obtained for a given input, the higher 
will be the efficiency of the device. 

To illustrate the effect of the internal resistance 
of a conversion device, and to show the effect this 
internal resistance will have on the per cent effi- 
ciency of the unit, let us take an automobile battery 
as an example. Here we have a simple circuit con- 
sisting of a battery having an internal resistance 
(r) and external resistance (R) an ammeter to 
measure the circuit current, and a voltmeter to 
measure the circuit voltage. 


RZN 





When the circuit is open as shown in figure A 
the battery is supplying practically no current, .for 
the amount drawn by the meter is just a few mil- 
liamperes. As the internal resistance of the ordinary 
battery is quite low, the voltage drop due to this 
small current flowing such a low resistance would 
be negligiblé. As the external circuit is open, the 
voltmeter reads 6.6 volts and this value is called 
the “open circuit voltage” of the battery. For all 
practical purposes, this 6.6 volts may be regarded 
as the e.m.f. of this battery, since the voltage drop 
across the internal resistance (r) is so small that 
it can be neglected. * 

It might be well to note here that the e.m.f. of 
any battery, cell, or generator is the total voltage 
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that such a unit can produce. When this voltage is 
measured by any device that draws current, it is 
obvious that this current, flowing through the in- 
ternal resistance of the device, causes a voltage drop 
inside the unit; therefore, the meter reading in this 
case will be less than the e.m.f. by an amount equal 
to the internal voltage drop caused by the small 
meter current. 

Due to the fact that most voltmeters draw a very 
small current, the internal voltage drop is usually 
so small, when compared with the meter reading, 
that it can be disregarded; for this reason, the open 
circuit voltage reading obtained from most voltage 
generating devices may be rgearded as being equiv- 
alent to the e.m.f. of the device. 


ty 





When the switch is closed as shown in figure B, 
current flows through the external resistor R and 
the voltmeter reading falls to 6 volts; this voltmeter 
reading is called the “closed circuit voltage”. As 
the difference between the two readings is 0.6 volts, 
it is evident that the load current, flowing through 
the internal resistance of the source is producing a 
voltage drop inside the battery of 0.6 volt. The in- 
ternal resistance of the battery can therefore be 
found by Ohms law, for the resistance of any part | 
of a circuit is equal to the voltage drop across that 
part divided by the current through that part, there- 
fore if the ammeter indicates 3amperes, and Er rep- 
resents the voltage drop across r and Ir is the | 
current through r then: 


Ene e OD 
Ir 3 


The internal resistance of the battery is 0.2 ohms. 
It has been previously stated that 
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output 
Per cent Eff. = aie x 100 
But, as we have no direct means of measuring 
the input to a battery, we must use a different for- 
mula. As the input of any. device is equal to the 
output plus the losses in the device, we may sub- 
stitute “output -+ losses” for input and this gives 


output 
% Ef. = output + losses me 


Expressing all values in watts we have 
output = [?R = 3x3x2 = 18 watts 
losses = [?r = 3x3x0.2 = 1.8 watts 


output x 100 


per cent Eff. = 
I output + losses 


a. ates 
NEST x 100 


= 91% approx. 


Since only 91% of the total energy appears in the 
external circuit 9% is lost, mostly in uselessly heat- 
ing the battery. 

lf the internal resistance were increased, the effi- 
ciency of the battery would be still further reduced 
until, when the internal resistance became equal to 
the external resistance, the efficiency of the battery 
would have fallen to 50 per cent. Thus it is evident 
that for high efficiency, the internal resistance 
should be kept as low as possible. 


ELECTROPLATING 


One of the most useful applications of electrolysis 
is in the plating of certain metals over other base 
metals to provide decorative effects, to provide pro- 
tection against rust and corrosion, to provide a 
wear-resisting surface, or even for the building up 
and replacement of worn surfaces. Most electro- 
plating is done with chromium, gold, silver, nickel, 
brass, copper, chromium and zinc although some 
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such work is done also with platinum, tin, cobalt, 

. iron and lead. As an example, a very thin plating | 
of chromium provides a surface harder than the 
hardest steel, which protects the base metal, will 
reduce wear, lessen friction, and at the same time 
provide a fine appearance. 


As shown by Fig. 62, the object to be plated is 
made the cathode in an electrolyte containing in, 
some chemical compound the metal which is to be 
plated onto the base material. Anodes are used on. 
both sides of or all around the cathode so that elec- | 
tricity may flow from all directions to the article 


being plated and cause an even deposit of the plated 
metal. 


GENERATOR 


Catwooe (Anticre Prateo.) 





Fig. 62. Principle of Eectroplating. À 


The exact chemicals, currents, voltages, tempera- 
tures and general procedure vary not only with the 
kind of metal being plated but with the ideas of | 
those in charge of the shop. For example, nickel | 
plating often is done with an electrolyte containing | 
nickel sulphate or nickel ammonium sulphate, to 
which may be added ammonium sulphate to in- 
crease the conductivity, some acid to help keep the 
anode rough, and something like glue or glucose 
to make the plating extra bright. 

When plating with gold we obtain the effect’ 
called red gold by adding copper cyanide or copper 
acetate to the electrolyte, obtain white gold by 
adding some nickel cyanide, and obtain green gold 
by adding silver cyanides. 





107 I 
a d 








Electroplating 


The anodes may be of some material, such as car- 
bon, which is not affected by the electrolytic action 
whereupon all the plated metal must come from the 
electrolyte and chemicals containing this metal 
must be added to the liquid at intervals. In other 
cases the anode is made of the metal to be plated, as 
in Fig. 63. Here, in plating with copper, the anode 
is of copper. Then copper dissolves from the anode 
into the electrolyte while being deposited from the 
electrolyte onto the cathode. The object of the 
operator is to get metal dissolved into the bath 
(electrolyte) as fast as it plates out. As the anode 
metal dissolves, it generates an emf just as dissolv- 
ing a metal generates an emf in a voltaic cell. Under 
ideal conditions this generated emf would equal the 
emf consumed in depositing metal on the cathode, 
so the externa! source would need to provide only 
enough voltage to overcome the resistance in the 
cell and the connections. T 


GENERATOR 





Fig. 63. Plating With Anodes of the Metal Being Plated. - 


Used tin cans are detinned by making them the 
anode in an electrolytic cell having a caustic soda 
electrolyte. The tin is recovered as it plates out 
of the solution, while the iron of the old cans is left 
in a pure state. 


A variety of electroplating called electroforming 
is used for making the electrotypes used in printing 
and engraving, also for making the dies or stamps 
for reproducing phonograph records. The original 
phonograph recording, which is in wax, is covered 
with a layer of conductive. graphite and then elec- 
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troplated with copper. The shell of hard copper thus 
formed is used as a master plate on which are made 
a number of copies by another depositing of metal 
in an electrolytic cell. These copies are used for 
stamping or molding the records to be sold. Similar 
processes are used for coating cheap plaster images 
with copper so that they look like bronze statues, 
for plating baby shoes which are to be preserved, 
and even for plating of such delicate things as 
flowers and plants. ° 


ELECTROLYSIS OF WATER AND OF SALT 


Water consists chemically of two parts by volume 
of the gas hydrogen and one part of the gas oxygen. 
With an electrolysis cell, whose principle is shown 
by Fig. 64, it is possible, by decomposing water, to 
produce these two gases in the relative volumes 
mentioned. A little caustic soda is added to the 
water to make it conductive. When direct current 
flows as shown by the diagram, hydrogen bubbles 
up from the cathode and oxygen at the anode. The 
water disappears, but the caustic soda remains. The 
electrodes usually are made of nickel-plated iron. 








Fig. 64. Electrolysis of Water, Producing the Gases Hydrogen and 
Oxygen. 


The hydrogen thus produced is used in combina- 
tion with the oxygen in the process of oxy-hydrogen 
welding, for the manufacture of ammonia and of 
wood alcohol, for help in separating metals from 
their oxides, for the making of cooking fats from 
various oils, and for inflating balloons and dirigible 
airships. The oxygen is used for welding in the 
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oxy-acetylene process, and in great amounts for 
dozens of chemical processes and medicinal uses. 

When a water solution of sodium chloride, ordi- 
nary salt, is decomposed in an electrolytic cell it is 
possible to obtain a whole variety of some of the 
most important chemicals used in commerce and 
industry as well as in thé home. We obtain caustic 
soda for use in making soaps, as a cleaning agent, 
and in various electrolytes. We obtain chlorine for’ 
use in bleaching of cloth, paper and other materials, 
for use as a disinfectant and for purification of city 
drinking water, for use in medicine and in photog- 
raphy, and for use in certain processes of extracting 
metals from their ores. We obtain sodium chlorate 
which is used in the manufacture of dyes, medicines, 
and explosives. Finally, we obtain hydrogen, whose 
uses already have been mentioned. 


‘ELECTROLYTIC REFINING 


In the processes of electrolytic refining of metals 
we start out with an alloy or mixture of metals 
which is used as the anode in a cell. The principal 
metal to be recovered dissolves into the electrolyte, 
as do also all other metals which are less “noble”. 
By a noble metal we mean one that resists corro- 
sion, a form of chemical decomposition. Platinum, 
gold and iridium are examples of highly noble metals, 
because they remain unaffected by most acids and 
other chemicals. Zinc and iron are not noble metals, 
they are base metals, because they are easily at- 
tacked by many chemicals. The electrolyte, current, 
voltage, temperature and the general operating con- 
ditions are such that the principal metal and those 
less noble pass into the electrolyte, while all those 
more noble remain in the anode. 


The principal metal to be recovered is deposited 
in a pure state on the cathode of the cell. The less 
noble metals remain in the electrolyte where they 
sink to form the “mud”. About nine-tenths of all 
the refined copper is produced electrolytically. Gold, 
silver and arsenic are recovered in the same process. 
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Cell circuits are operated at about 200 volts and 
12,000 amperes. The cathode builds up from an 
original weight of about 10 pounds to 200 pounds 
with addition of copper to it. Total copper refining 
capacity before recent expansions was about 
1,600,000 tons a year, which, for the electrolytic ac- 
tion alone would take a current of about 250,000 
amperes at 200 volts flowing day and night every 
day if all the work were done in one spot. 


In refining at the United States mints the bullion 
(alloy for the anodes) consists of about 50 to 60 
‘per cent silver and base metals, 30 to 35 per cent 
gold, and 10 to 15 per cent copper. The electrolyte 
is made with nitric acid and silver nitrate. Silver 
crystals are deposited on the cathodes, from which 
they are scraped off. From the remains of the 
anodes is recovered gold which is 80 to 90 per cent 
pure. This is sent to the gold refinery where the 
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Fig. 65. Cell for Electrolytic Refining of Silver. 


gold is purified and where such valuable metals 
as platinum and palladium are recovered at the 
same time. 

One style of electrolytic refining cell is shown by 
Fig. 65 where the cathodes are marked C and the 
anodes A. The anodes are encased in cloth bags 
which catch the slime that contains gold. The 
cathodes are of stainless steel, from which the de- | 
posited silver is scraped mechanically into trays. 
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ELECTROLYTIC FURNACE 


Fig. 66 shows the action of an electrolytic cell. 


which is at the same time a furnace, and with which 
is produced aluminum. Electrolytic furnaces are 
also used for the production of magnesium, sodium, 
calcium, cerium and beryllium. Some of these 
names may sound strange, but the substances are 
of great practical usefulness. For instance, steel 
alloyed with beryllium has such strength, toughness 
and other valuable properties that the results are 
almost unbelievabe. 
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Fig. 66. Electrolytic Furnace for Producing Metallic Aluminum. 


'The ore of aluminum is called bauxite, which oc- 
curs naturally in earthy masses and in small rock- 
like grains. The bauxite is treated in another kind 
of electric furnace to produce alumina, which is 
aluminum and oxygen. This alumina is added on 
top of the electrolyte in the electrolytic furnace. 
The electrolyte is cryolite, a substance of icy or 
waxlike appearance coming from Greenland, and 
containing aluminum, sodium and fluorine. The 
current that causes the electrolysis keeps the tem- 
perature of the bath at about 1,800° F., which is the 
reason for calling this a furnace. 

The anodes through which current enters the cell 
are blocks of carbon. The cathode is the molten 
aluminum itself which settles to the bottom of the 
cell, and the carbon lining which is encased by steel. 

All voltaic cells produce direct current and all 
electrolytic cells require the flow of direct current. 
These two fields are by far the most important 
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present uses of direct current. The other great fields 
of electricty require the use of alternating current, 
with which we now shall prepare to get acquainted. 
As the first step in this preparation we Shall study 
magnetism and electromagnetism in the following 
section. It is the combination of magnetism and the 
electric current that is the foundation of all alternat- 
ing-current applications and also of some direct- 
current applications which we still have to in- 
vestigate. 
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MAGNETISM AND ELECTROMAGNETISM 


A magnet is a piece of iron or steel which has the 
ability to attract and hold other pieces of iron and 
steel, and which is ,attracted and held in certain 
positions by another magnet. Doubtless you have 
used a toy magnet to pick up nails and similar - 
articles. Magnets are put to practical use in mag- 
netic tack hammers which hold the steel tack to be | 
driven, in magnetized screw drivers which will | 
hold a screw, in the compass which points north | 
and south because it is attracted by the earth which | 
itself isa huge magnet, and in many other ways. | 


NATURAL MAGNETS were first found in 
Magnesia, a country in Asia Minor, about 600 B. C., 
and for this reason were called magnetic or mag- 
nets. (See Fig. 67.) 











Fig. 67. Sketch of natural magnet or lodestone. 


These first magnets were just lumps of iron ore 
or oxide, which were found to have the power of | 
attracting small pieces of iron. Later it was also | 
discovered that if an oblong piece of this material 
was suspended by a thread, it would always turn 
to a position with its length north and south. If 
moved or turned, the same end would always go 
back to point north. So its end which pointed north 
was called the North seeking or North end, and 
the other end the south seeking or south end. It 
was used in this manner as a crude compass and 
often called “Lodestone,” meaning leading stone. 


ARTIFICIAL MAGNETS are made of steel 
and iron, in various forms. Common tvpes are the 
straight bar and horseshoe forms. (See Fig. 67A and 
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67B.) These are usually much more powerful! than 
the natural magnets or lodestones. 


Artificial magnets can be made by properly strok- 
ing a bar of steel with a lodestone or some other 
magnet, or by passing electric current through a 

‘coil around the bar. In fact we find that a piece 
of iron often becomes magnetized, just lying near 
a strong magnet. This last method is called In- 
duced Magnetism. 





Fig. 67A. Common bar magnet. . 
Fig. 67B. Horseshoe magnets with “keepers” across poles. 


If a small bar of soft iron is held near to, but not 
touching a strong magnet, as in Fig. 68, the small 
bar will be found to have magnetism also, and 
attract nails or other iron objects. But as soon as 
it is taken away from the permanent magnet, it will 


praec 


Fig. 68. The small bar or iron attracting the nails, obtains its mag- 
netism by induction from, being near the large magnet. 


lose its charge. This is an example of induced 
magnetism. 
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MAGNET POLES 


All magnets whether natural or artificial, usually 
have their strongest pull or effects at their ends. 
These ends or points of stronger attraction are 
called Poles. 


Ordinary magnets usually have at least two poles, 
called north and south, because of their attraction 
for the north and south poles of the earth. 


If we dip a bar magnet in a pile of iron filings 
or tacks, we find it will attract them most at its 
ends, and not much in the middle. (See Fig. 69.) 














Fig. 69. Sketch of bar magnet showing how iron filings are attracted 
ost entirely at its ends or poles. 


ATTRACTION AND REPULSION 


If we take two magnets and suspend them so 
they can turn freely until they come to rest with 
their north poles pointing north, and south poles 
pointing south, then we know that their ends which 
point north are alike, as well as the two which point 
south. 


Now if we mark these magnets and bring the two 
north poles together, we find they will try to push 
apart, or repel each other. The two south poles 
will do the same if we bring them near each other. 
But if we bring a north pole of one magnet near the 


south pole of the other they will try to draw to- 
gether or attract each other. 


This proves one of the most important principles 
or rules of magnetism often called the first law of 
magnetism, as follows: Like Poles Always Repel 
and Unlike Poles Attract Each Other. This law 
should be remembered as it is the basis of opera- 
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tion of many electrical machines and devices. 


Prove it for yourself with magnets, at your first 
opportunity, so you will remember it better. 


EARTH’S MAGNETISM 


We have learned that the north pole of one mag- . 

net attracts the south pole of another magnet, and 
that the south pole of one attracts the north pole of 
the other. We know also that the north pole of the 
compass points toward the geographic north on the 
earth. Since the north pole of the compass must be 
pointing toward the south pole of the magnet which 
is attracting it (the earth), the earth's south mag- 
netic pole must be near its north geographic pole. 
This is shown by Fig. 70. 

















Fig. 70. Sketch showing earth's magnetic field and poles. Note that the 
magnetic poles do not exactly align with the geographical poles. 


The earth’s magnet poles are not exactly at its 
geographic poles or are not exactly at the ends of 
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the earth’s axis. Consequently, the magnetic com-' 
pass does not point to the true geographic north 
and south. Aviators, marines and surveyors make | 
suitable allowances for the difference between mag- 
netic north and geographic north. The difference ^ 
varies at various places. 


LINES OF FORCE 


Magnets do not have to be touching each other, 
but will exert their force of attraction ór repulsion 
through a distance of several inches of air in many 
experiments. 

If we place a magnet under a piece of glass or 
paper which is covered with iron filings, and tap or 


jar it, the filings will arrange themselves as shown 
in Figs. 71A and 71B. 





Fig. 71-A. Iron filings on a paper over a bar magnet, show shape of 
lines of force around the magnet. (Left). 
Fig. 71-B. Filings over end of magnet. (Right). 


This gives us some idea of the shape and direc- 
tion of the lines of force acting around a magnet. 

For practical purposes it is assumed that all mag- 
nets have what are called Lines of Force acting 
around and through them, and in the direction indi- 
cated in Fig. 72. 

These magnetic lines are of course invisible to . 
the eye, and cannot be felt, but we can easily prove 
that the force is there by its effect on a compass 
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needle. By moving a small compass around a large 
magnet we can determine the direction of the lines 
-of force at various points. They always travel 
through the compass needle from its south to north 
pole, so it will always turn to such a position that its 
north pole indicates the direction the lines are trav- 
eling. It is well to remember this, as a compass can 
often be used to determine the direction of magnetic 
lines of force in testing various electrical machines. 


MAGNETIC FIELD AND CIRCUIT 


'The lines of force around a magnet are called 
Magnetic Flux, and the area they occupy is called 
the Field of the magnet. ^ 

The strong, useful field of an ordinary magnet 
may extend from a few inches to several feet around 
it, but with sensitive instruments we find this field 
extends great distances, almost indefinitely, but 
becomes rapidly weaker as we go farther from the 
magnet. 

In Fig. 72, note that the lies of force through the 
bar or Internal path, are from the south to north 
pole, and outside the magnet through the External 
path, are from the north to south pole. Tliis is a 
very important fact to remember. 








Fig. 72, Sketch of magnetic field, showing direction of lines, inside and 
outside the magnet. 


We can also get further proof of the shape of this 
magnetic field by floating a magnetized needle in a 


120 





Magnetism and Electromagnetism 


cork, over a bar magnet as in Fig. 73. 

If started at various points in the field the needle 
will travel the lines as indicated. 

The path of lines of force around and through a 
magnet is often called the Magnetic Circuit. 





Fig. 73. Floating a needle in a cork, in water over a magnet, to show 
shape of lines of force. 


ACTION OF MAGNETIC FIELDS 


When two magnets are placed with unlike poles 
near each other as in Fig. 74, we find that their lines 
of force combine in one common path through them 
both as shown by the dotted lines. 

These lines then seem to try to shorten their path 
still more by drawing the magnets togethers, thus 
their attraction for each other. 

It may be well to consider magnetic lines of force 
as similar in some ways to stretched rubber bands. 
revolving like endless belts, and continually trying 
to contract or shorten themselves. 

This will help to get a practical understanding 
of many important effects and principles of mag- 
netism, without going into lengthy and detailed 
theory. 

If we place two magnets with their like poles 
near each other as in Fig. 75, we find their fields 
will not join, as the lines of force are coming in 
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opposite directions. Therefore they crowd apart in 
separate paths between the ends of the poles, and 











Fig. 74. Two bar magnets with unlike poles near each other, and. 
attracting. Note how their fields join. 


the magnets push apart or repel each other to avoid 
this conflict or crowding of the opposing fields. 





Fig. 75. Two bar magnets with like poles near each other and repelling. 
Note how their fields oppose. 


PROPERTIES OF MAGNETIC MATERIALS ' 

Soft iron is very easily magnetized, but does not 
hold its charge long. In fact it loses most of its 
magnetism as soon as the magnetizing force is re- 
moved. 
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Hard steel is much more difficult to magnetize, 
but when once charged it holds its magnetism much 
longer. 


‘A good steel magnet may hold a strong charge 
for maay years. Such magnets are called Perma- 
nent Magnets. 


Materials that hold a charge well are said to have 
high Retentivity, meaning retaining power. 


Therefore steel has high retentivity and soft iron 
is low in retentivity. In order to understand how 
magnets become charged, and why some will hold 
a charge better than others, let us briefly consider 
the molecular theory of magnetism. We know that 
all matter is made up of very small particles called 
molecules, and these molecules consist of atoms and 
electrons. 


Each molecule has a polarity of its own, or might 
be considered as a tiny magnet. In a bar of iron 
or steel that is not magnetized, it seems that these 
molecules arrange themselves in little groups with 
their unlike poles together, forming little closed 
magnetic circuits as in Fig. 76. 





Fig. 76. Simple sketch showing the supposed arrangement of molecules i 
in an unmagnetized bar of iron. 


This view, of course, shows the molecules many l 
times larger in proportion to the bar, than they | 
really are. 


Now when lines of force are passed through the 
bar, from some other strong magnet, causing it to 
become magnetized, the little molecules seem to line | 
up with this flux, so their north poles all point one 
way and all south poles the other way. (See Fig. 
77.) $ 
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In soft iron this change is effected very easily, 
and as we have already said it can be easily mag- 
netized. But the molecules of iron also shift back 
to their natural position easily, so it quickly loses 
its magnetism. A 





Fig. 77. Molecules lined up, in a fully magnetized bar. 

With hard steel the molecules do not shift so 
easily, so it is harder to magnetize, but once charged 
the molecules do not shift back to their normal 
position so easily, and it holds its magnetism much 
better, as stated before. 


When charging or making permanent steel mag- 
nets, tapping or vibrating the bar slightly seems to 
help speed the process. On the other hand if a 
permanent magnet that has been charged, is struck 
or bumped about roughly it will lose a lot of its 
strength, as the jarring seems to shift the molecules. 
Therefore, permanent magnets should be handled 
carefully. 


The magnetism of a bar can also be destroyed 
by heating it to a cherry red. This is one method 
of De-Magnetizing. 

If a magnet is placed in a reversing flux or field 
from some source, so its charge or polarity is rapidly 


reversed, the rapid shifting of the molecules sets up 


heat. This is called Hysteresis loss. Naturally this 
effect is much less noticeable in soft iron than in 
hard steel, as the molecules shift easier and with 
less friction and heat, in the soft iron. 
MAGNETIC AND NON-MAGNETIC 
MATERIALS 

Iron and steel are the only materials having such 

magnetic properties as allow making them into 
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useful magnets. That is, only iron and steel can be 
magnetized strongly enough to make them useful 
in magnetic circuits. Nickel and cobalt are weakly 
magnetic, but not enough so to be useful for mak- 
ing magnets, especially in view of the fact that 
these metals are much more costly than iron or 
steel. 


Other metals mixed with iron or steel to make 
various “alloys” change the magnetic properties. 
Using half iron and half cobalt makes an alloy more 
easily magnetized than the purest iron. Chromium 
and nickel mixed into iron to make stainless steel 
will produce an alloy that cannot be magnetized, but 
using straight chromium to make another type 

of stainless steel produces one that is magnetic. 


Using small quantities of chromium, tungsten, 
cobalt, aluminum or nickel to alloy the steel pro- ; 
duces magnets which not only are very strong 
but which retain their magnetism with but little 
loss over long periods of time, thus making excel- 
lent permanent magnets. Among the most gen- 
erally used permanent magnets are those of the 
Alnico alloys containing aluminum and nickel 
along with the iron. These are stronger and 
more permanent than the older cobalt magnets 
which, in turn, are better than the still older 
types using tungsten and chromium. 


Among the metals which are entirely non-mag- 
netic or which cannot be magnetized when used alone 
are copper, aluminum and manganese. Yet when 
these three are mixed in certain proportions to 
make Heusler's alloys the result is a metal about 
one-third as good as cast iron for a magnet. Tin 
is another non-magnetic metal, yet an alloy of cop- 
per, tin and manganese is slightly magnetic. 

When we wish to use steel for its strength, yet 
wish to have the metal non-magnetic, we make 
alloys containing small quantities of copper, nickel, 
chromium and manganese. Steel thus alloved to 
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be non-magnetic is called paramagnetic. 


Antimony and bismuth act very peculiarly. The 
stronger the magnetic field in which these metals 
are placed the fewer lines of force travel through 
the antimony or bismuth. These metals are said 
to be diamagnetic. 


All materials which have not been mentioned in 
the preceding paragraphs are wholly non-mag- 
netic. They canot be magnetized and they have 
not the slightest effect on a magnetic field in which 
they are placed. The non-magnetic materials in- 
clude air and all other gases, all the liquids, all 
metals not already mentioned, and all other solid 
substances such as glass, wood, paper and so on. 


PERMEABILITY AND RELUCTANCE 


Experiments prove that magnetic lines of force 
will pass through iron and steel, or magnetic mate- 
rials much easier than through air, wood and brass, 
or non-magnetic materials of any kind. So iron and 
steel form a good path for magnetic flux, and are 
said to have high Permeability, and low Reluctance. 
The term reluctance means the same to magnetic 
flux as resistance means to electric current. 





Fig. 78A & B. Sketches showing how lines of force can be distorted 
and made to follow the easier path through the small 
iron bars. 
If we place a small bar of soft iron in the field of 
a larger magnet as in Fig. 78A or near the ends of 
two magnets as in Fig. 78B, in both cases the lines 
of force will largely choose the easier path through 
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the iron as shown. This can be proven by sprinkling - 


iron filings on a glass over such a group of magnets 
and iron. This not only proves that iron is of lower 
reluctance than air, but also that magnetic flux will 
choose the easiest path available. 

Good soft iron has only about 1/2000th part as 
high reluctance as air. For this reason we construct 
many magnets in the form of a horseshoe, which 
brings the poles closer together, greatly reducing 
the air gap reluctance and increasing the strength 
and life of the magnet. (See Fig. 79A and 79B.) 





Fig. 79A. Horseshoe magnets have a much shorter flux path through 
air from pole to pole. 

Fig. 79B. Double magnet constructed in horseshoe shape, also to 
shorten its air gap. 

In Fig. 79B, the bar joining the two'magnets to- 
gether is called a yoke. We often place a soft 
iron “keeper” across the ends of horseshoe magnets 
as in Fig. 80, when they are not in use, to provide a 
complete closed circuit of magnetic material and 
eliminate the air gap reluctance. This will greatly 
increase the life of the magnet. 


PULLING STRENGTH 


Horseshoe shaped magnets having unlike poles 
near each other, have a much greater lifting power 
when in contact with an iron surface, than the one 
end of a bar magnet does. This is because the 
horseshoe type has so much better complete path 
of low reluctance for its lines of force, and the field 
will be much more dense, and stronger. (Compare 
Figs. 80 and 81.) 
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In Fig. 81, the lines must pass a considerable dis- 
tance through air, which greatly weakens them. In 
Fig. 80, the lines can travel entirely within a closed 
iron path or circuit of much lower reluctance, and 
give a much stronger pull. 





Fig. 80. Horseshoe magnet with keeper bar across its poles to decrease 
air gap when not in use. 


A good horseshoe magnet weighing one pound, 
should lift about 25 pounds of soft iron. 






Fig. 81. Bar magnet attracti a piece ef iron. Note the long path 
through air, which tha thes of force must take. taz 


EFFECTS OF AIR GAPS 


As air is of such high reluctance it is very im- 
portant to reduce the air gaps as much as possible 
in all magnetic circuits where we wish to obtain 
the greatest possible strength of flux or pull. 
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e Fig. 82.-A. & B. Doubling the distance between two magnets, 
decreases their pull to % of what it was. 





Electromagnetism 


If two magnets are placed as in Fig. 82A, and 
their pull measured, and then they are moved far- 
ther apart as in Fig. 82B, we find that the small 
increase in the distance or air gap makes a great 
reduction in their pull. If the distance is doubled, 
the pull is decreased to about % of what it was. 

If the distance is tripled, the pull decreases to 
about 1/9 of what it was. 

If on the other hand we reduce the distance to %4 
its original amount, the pull will increase to 4 times 
the original pull. 

So we get another very important law of mag- 
netism as follows: 

The force exerted between two magnets varies 
inversely with the square of the distance between 
them. 

If we change the strength of the magnets we find 
their combined pull will vary with the Product of 
Their Separate Strengths. 


MAGNETIC SHIELDS 


While iron is a good conductor of magnetic flux, 
and air is a very poor one, we do not have any 
known material that will insulate or stop magnetic 
lines of force. They will pass through any mate- 
rial. But we can shield magnetic flux from certain 
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Fig. 83. Iron shield to deflect lines of 
or device (A) 


spaces or objects, by leading it around through an 
easier path. As before mentioned the line of force 
will largely choose the easiest path. So if we ar- 
range a shield of iron around a device as in Fig. 83, 
we can distort the flux around, and prevent most of 
it from entering the shielded area. 


force away from instrument 
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Quite often the magnetic field of some large gen- 
erator or electric machine may affect the operation 
of a meter or some delicate device locatéd near it. 
So you should remember how to shield such instru. 
ments. Many meters are equipped with iron cases 
to shield their working parts in this manner. 


Sometimes in our, work with magnets we find 
evidence of more than two poles, or points of at- 
traction at other places along the magnet besides 
atits main poles. Such poles are called Consequent 
Poles, and are formed by adjoining sections being 
oppositely magnetized so the fluxes oppose. Very 
weak magnets may sometimes develop consequent 
poles. (See Fig. 84.) 
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Fig. 84. Consequent poles in a bar magnet. 


If a long magnetized bar is broken into several 
pieces, each piece will take on separate north and 
south poles. (See Fig. 85.) : 








Fig. 8. Bar magnet broken into several pieces. Note each piece takes 
on separate poles in this case. 


Two or more separate magnets with their like 
poles grouped together will in many cases give more 
strength than a single magnet the size of the group. 
Such a magnet is called a Compound Magnet. (See 
Figs. 86A and 86B.) 
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COMPASS TEST 


When using a compass to test the polarity of 
magnets, or the direction of flux on motors or gen- 
erators, it is well to first test the compass by letting 
it come to rest in the earth’s magnetism, away from 
the device to be tested. Compass needles some- 
times have their polarity reversed by the influence 
of strong magnets around which they are used. But 
the end of the needle that points north is always 
the north pole, and the one which will point in the 
lirection of flux travel. 








Fig. 86A. Compound bar magnet. 
Fig. 86B. Compound horseshoe magnet. 


This may seem confusing because we know un- 
like poles attract, and might wonder how the north 
pole of the compass would point to the north pole 
of the earth. But remember that the magnetic pole 
of the earth which is near its north geographical 
pole, is in réality a south magnetic pole. This was 
illustrated in Fig. 70. 


ELECTROMAGNETISM 


We have become familiar with the behavior of 
the electric current in electric circuits and have 
learned how magnetic lines of force act in a mag- 
netic circuit. Now we are going to learn how to 
produce magnetic lines of force and magnetic fields 
by using an electric current, or how to produce 
the kind of a magnet called an electromagnet. 

For several hundred years the early scientific 
experimenters knew something about the elec- 
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tric current and something about magnets and mag- 
netism. Yet it was only a little more than 100 
years ago that our modern electrical industry and 
science got its real start when it was found pos- 
sible to produce a magnet with an electric curreut 
and then to produce electric current from mag. 
netism. The first "strong" electromagnet was 
made in 1830. It would lift nine pounds. Later 
that year Joseph Henry, a famous American physi- 
cist, made an electromagnet that would lift more 
than 700 pounds, and in 1831 made one that would 
lift nearly a ton. 


The fundamental fact on which depends all our 
uses of electromagnetism is that magnetic lines of 
force appear around a conductor when current 
flows in that conductor. That is, we may use elec- 
tric current to produce a magnetic field around 
a wire. 











. Fig. 87. Electro-magnetic lines shown by iron filings around a conductor. 


The strength of this magnetic field around a wire 
depends on the amount of current flowing, and can 
be varied at will by controlling the current flow. 

The direction of the line’s rotation depends on 
the direction of current through the wire; reversing 
if we reverse the current. 

If we pass a stiff wire which is carrying current, 
vertically through a piece of paper, as in Fig. 87, 
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and sprinkle iron filings on the paper, they will 
arrange themselves in a pattern as shown. 

If we remove the filings and place several small 
compass needles on a cardboard around the wire, 
they will point in a circle as shown in Fig. 88. These 
experiments prove the existence of this invisible 
magnetic force, and also show the circular shape of 
the field around the wire. The north poles (black 
ends) of the compass needles also show the direc- 











Fig. 88. Small compass needles showing shape and direction of lines 
around a conductor. 


tion the lines of force travel. If the current flow 
is stopped, the needles wilt all point north, but as 
soon as current is again started they will point in 
a circle once more. 


DIRECTION OF LINES AROUND 
CONDUCTORS 

Note the direction of current in the wire in Fig. 
88, and the direction the needles point. If we change 
the leads at the battery, and thereby reverse the 
direction of current through the wire, the needles 
will at once reverse their direction also. This proves 
that the field reverses with the current. 


We can see from this that if we know the direc- 
tion of current in any wire, we can determine the 
direction of the lines of force around it. Or if we 
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know the direction of flux, we can find the direction 
of current. 

A single compass needle is all that is required 
to tell the direction of flux. See Fig. 89. 

















Fig. 89. Convenient compass test for direction of flux around conductors. 
Note carefully the direction of current and flux of 
each end of the wire. 


Here we have a bent piece of stiff wire connected 
to a battery by other wires. The current in the left 
end is flowing away from us, and if we place a com- 
pass under the wire it points to the left. If we move 
the compass above the wire it points to the right. 


This proves that when current is fowing away 
from you in a wire, the linés of force are revolving 
Clockwise, as the hands of a clock turn. 


When we try the compass on the right end of the 
loop where the current flows toward us, we find it 
points opposite to what it did on the left end. 


This proves that when current flows toward you 
in a wire, the lines of force revolve counter clock- 
wise. See the lines of force indicated by the dotted 
lines. Study this rule over carefully and start prac- 
tising it at every opportunity on actual electric cir- 
cuits, because it will be very useful later in your 
work on power machines and circuits. 
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MAGNETIC FORCES BETWEEN PARALLEL 
WIRES 


If we run two wires parallel to each other, close 
together, and both carrying current in opposite 
directions, we find their lines of force being in oppo- 
site directions tend to crowd apart,. and actually 
make the wires repel each other. See Fig. 91A. 


In Fig. 91B, are shown two flexible wires sus- 

pended close together, yet lcosely and free to move. 

. When a rather heavy current is passed through 

them in the direction shown by the arrows, they will 

crowd apart quite noticeably. The dotted lines show 

where they would hang normally when no current 
is flowing. 








Fig. 91. This sketch shows the repulsion of parallel wires, carrying 
current in opposite directions. 


If we run two wires parallel to each other, close 
together, and both carrying current in the same di- 
rection, we find that their lines of force tend to join 
together in one common field around: both wires, as 
in Figs. 92A and 92B. 

When wires are close together in this manner, 
the combined patb around the two is shorter than 
the two separate paths around each. Then by join- 
ing each other, the lines avoid going in opposite 
directions in the small space between the wires. 
This flux around the two wires tends to pull them 
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together, as the lines of force are always trying to 
shorten their path, as we learned before. 

In Fig. 92B, we again have the two suspended 
parallel wires, this time carrying current in the 
same direction, and we find they. now draw foward 
each other. 


X 





Fig. 92. When parallel wires carry current in the same direction, their 
flux tends to draw them together 

This magnetic force exerted between wires often 
becomes very great in the heavy windings of large 
power machinery, especially in case of excessive 
currents during overloads or short circuits. So we 
find their coils are often specially braced to prevent 
them moving due to this stress. 


STRONG FIELDS AROUND COILS 

We can make excellent use of this tendency of 
magnetic flux, to join in a stronger common field 
around two or more wires, to create some very pow- 
erful electro-magnetic fields. 

One of the best ways to do this is to wind a coil 
of insulated wire as shown in Fig. 93A. 


We can easily see that all turns of such a coil 
are carrying current in the same direction on all 
sides of the coil. Tf we split such a coil from end to 
end, as shown in Fig. 93B, we can then see how the 
flux of all the turns will unite in a common field 
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through the center of the coil and back around the 
outside, 
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Fig. 93-A. The lines of force around the turns of a coil join together, 
in one very strong field. 
Fig.. 93-B. Sectional view, note how the lines join around all turns, and 
e dense flux set up in the center of the coil. 


SOLENOIDS 


Such a coil of a single layer is called a Helix. 
Coils for creating strong electro-magnetic fields, are 
often wound with many layers of insulated wire on 
a spool of brass or fibre, or some other non-mag- 
netic material. Such coils are called Solenoids. See 
Fig. 94. 

By referring to both Figs. 93 and 94, we see that 
all the lines of force travel one way through the 
center of the coils in a very dense field, and back 
the other way outside the coil. Thus a solenoid has 
north and south poles just as a bar magnet does. 


Now if we place an iron core inside of a solenoid 
the field will at once become much stronger, as the 
iron offers a much better path for the lines of force 
than air does. When we start to insert the core in a 
solenoid that has current flowing in it, we find it 
exerts a strong pull on the core, tending to draw 
it into the coil. This seems to be an effort of the 
lines of force to draw the iron into the most dense 
flux. which is inside the coil.  . 

A solenoid will give a strong and fairly uniform 
pull for about half its own length. This is the most 
effective distance. Solenoids with movable cores 
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attached to levers, or handles of switches and con- 
trollers, are used considerably on electrical equip- 
ment. These are called plunger magnets. 





Fig. 94. Solenoid, or coil wound on a non-magnetic tube. Note the 
direction of the lines, and polarity of this sole noid. 


ELECTRO-MAGNETS 

While an iron core is inside a coil and current is 
flowing, we find the iron becomes strongly mag- 
netized due to the very dense field in which it is lo- 
cated. But if the core is soft it loses practically all 
its magnetism as soon as the current is turned off. 


Such a coil and core are called an Electro-Magnet. 
Or in other words an Electro-Magnet is a core of 
soft iron, wound with a coil of insulated wire. 
Electro-magnets are the ones used in bells, buz- 
zers, relays, lifting magnets, and electric motors and 
generators. They can be made extremely powerful. ‘ 
and have the advantage of being magnetized or 
demagnetized at will, by punning: the coil current on ' 
or off. 
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The lifting magnet in Fig. 95 is an example of a 
huge electro-magnet. With the current turned on 
it is lowered to the iron it is to lift, often raising 
tons of metal at one time. Then when we want it 
to drop the iron the current is simply turned off. 















x d 
NEED. a 
^ À -—- M AM 


Fig. 95. Electro-magnet used for handling iron and steel This magnet 
X has a number of coils inside its frame or cover. 


Attraction and repulsion is the same with elec- 
tro-magnets as with permanent magnets. That is, 
unlike poles of two electro-magnets attract each 
other and their like poles repel each other. This 
rule holds also when one of the magnets is an elec- 
tro-magnet and the other a permanent magnet. The 
same rule holds when one of the elements is a sole- 
noid or when there are two solenoids. The fact of 
the matter is that the actions of permanent mag: 
nets, solenoids, and electro-magnets are alike in 
every way. It makes no difference whether a mag- 
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netic field is produced by a permanent magnet or 
by an electric current, the behavior of the field 
or the flux is just the same in either case. 


CONSTRUCTION OF SIMPLE ELECTRO- 
MAGNETS. RESIDUAL MAGNETISM. 


Electro-magnets for various tests or handy uses, 
can be easily made by winding a few turns of insu- 
lated wire around any soft iron core, and connecting 
the coil ends to a dry cell or storage battery. Even 
a nail or small bolt will do, and will prove quite a 
strong magnet when wound with 50 to 100 turns of 








ee See oe ee eee 
its poles will be as shown. 

No. 24 to 30 wire, and used with a dry cell. But 
you will note that as soon as the coil is disconnected, 
or the battery current turned off, the core will lose 
practically all its noticeable magnetic strength, as 
far as any attraction is concerned. However, in 
reality there is almost always a very feeble charge 
left in the core for a while after the current stops 
flowing. This charge remaining or residing in the: 
core is called Residual Magnetism. The softer iron 
the core is made of, the less residual magnetism it 
will retain. Residual magnetism plays a very im- 
portant part in the operation of many electric gen- 
erators, as will be found later. 


Permanent magnets can be made by placing a 
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piece of hard steel in a coil for a time, with the cur- 
rent turned on. Then when the current is turned 
off, the hard steel being of higher retentivity than 
iron, retains considerable of its charge as residual 
magnetism. 


Powerful electro-magnets are often used to charge 
permanent magnets, by holding or rubbing the mag- 
net to be charged on the poles of the electro-magnet. 
See Fig. 96. 

A good charging magnet of this type for charging 
magneto magnets, can be made of two round cores 
of soft iron about 3x6 inches, wound with 500 turns 
of No. 14 wire on each. They should have a soft 


iron bar 1x3x8 inches bolted to their bottom ends, 


and square pieces 1x3x3 inches on their top ends. 
Such a magnet can be used on a 6-volt storage bat 
tery, dnd is often very handy in a garage or elec- 


trical repair shop. —_— 
POLARITY OF ELECTRO-MAGNETS 


It is very important to be able to determine the 
polarity of solenoids and electro-magnets. A com- 
pass will, of course, show the north pole by the 
attraction of its tail or south pole. But if we know 
the direction of winding of a coil, and the direction 
current passes through it, we can quickly find the 
correct polarity with a simple rule. 


Place yourself in line with the current carrying 
coil or loop and observe the direction of current flow 
around the coil. If the current circulates clockwise. 
around the coil, then the end of the coil closest to 
the observer is a South Pole. If the current circu- 
lates counter clockwise around the coil, then the end 
of the coil closest to the observes is a North Pole. 


The above rule applies regardless of whether the 
coil in question has but one turn, or whether it has 
any other number of turns; whether the coil is long 
or short, round, square, or any other shape. It is a 
general rule applicable to all practical cases . . 
learn it well. 
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It can also be used to find the direction of current 
flow if you know the polarity of the magnet. In 
such a case we again grasp the coil with the right 
hand, thumb pointing to north pole, and the fingere 
will point in direction of current flow around the 
coil. 





We already know that the flux around a wire will 
reverse if we reverse the current flow. This is 
equally true then of the flux around a coil or group 
of wires. So we can reverse the polarity of a sol- 
enoid or electro-magnet at will, merely by reversing 
| the current supply wires to it. 


Some special electro-magnets are wound with a 
separate demagnetizing coil, in addition to the main 
coil, 


This may be a smaller coil, wound in the reverse 
direction to the main coil, so if connected just for 
an instant, after main coil is turned off, it will just 
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destroy the residual magnetism that might other- 
wise remain. See Fig. 98. 











Fig. 98. Electro-magnet with demagnetizing coil for destroying residual 
magnetism. 


If when switch (A) opens the main circuit at 
(B), it is momentarily closed to (C), it will create 
a reverse flux to more quickly demagnetize the core. 


It is also possible to wind a coil on a core so it 
will create no magnetism in the core. See Fig. 99. 


Here the coil has been wound with two wires, and 
their ends connected together. The current flows 
through an equal number of turns in each direction, 





Fig. 99. Non-magnetic winding. One half of the turns oppose the other 
half, so the core does not become magneti 


so practically no magnetism will be set up in the 
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core. Non-magnetic coils of this type are often used 
in meter construction. ‘ 


THE MAGNET CIRCUIT 


A magnetic circuit includes the entire path around 
which flow the magnetic lines of force, just as the 
electric circuit includes the entire path through 
which the current flows. Just as an electric circuit 
must include a source of electromotive force which 
causes current to flow so must the magnetic circuit 
include a source of the force that causes magnetic 
lines to move around the circuit. In a magnetic cir- 
cuit this source is a permanent magnet or an elec- 
tromagnet. Just as there is resistance or opposition 
to flow of electric current in its circuit so there is 
opposition to flow of magnetic lines of force in the 
steel and other parts of the magnetic circuit. 


Magnetic circuits are illustrated in Figs. 78 to 81. 
Note that in each case we show. the complete path 
followed by the lines of force or the flux, sometimes 
through stecl or iron and sometimes through air. 
In each of these illustrations we might replace the 
permanent magnet with an electromagnet and still 
have the same form of magnetic circuit. In para- 
graphs which follow we shall deal with some of the 
laws relating to the force, the flux, and the mag- 
netic oposition in magnetic circuits. You will find 
that the rule and laws are similar in many ways to 
those for the electric circuit. 


UNITS, SATURATION AND STRENGTH OF 
ELECTRO-MAGNETS 
The strength of an electro-magnet depends on 
the number of turns in its coil, and the amperes or 
amount of current flowing through them, or as we 
say the Ampere-Turns. 


The Ampere-Turns are the product obtained, 
when the amperes are multiplied by the number of 
turns. 


A coil of 100 turns, carrying 2 amperes, has 200 
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ampere-turns. (Abbreviated I.N.) 


Another coil of 400 turns carrying 4 ampere, has 
200 ampere-turns. 


We say therefore that the number of ampere 
turns, determines the Magneto-Motive-Force. (Ab- 
breviated M.M.F.) Ampere-turns measure also the 
magnetizing force. 


The greater the M.M.F. or number of ampere- 
turns we apply to a given core, the stronger magnet 
it becomes, up to certain limits. 


As we go on increasing the ampere-turns and 
strength of a magnet, the lines of force in its core 
become more and more dense and numerous. After 
we reach a certain point in flux density, we find a 
further considerable increase of ampere turns of 
the coil, does not cause much increase of flux in the 
core, as we have apparently reached its practical 
limit in the number of lines it can carry. This is 
called the Saturation-Point. 


Good magnetic iron or steel can carry about 
100,000 lines per square inch, before reaching the 
practical saturation point., Therefore, if we wish 
to make electro-magnets requiring more than 
100,000 lines of force, we should use a core larger 
than 1 square inch cross sectional area. Fifteen am- 
pere-turns per inch of core length, on a closed core 
of 1 square inch area, will produce approximately 
100,000 lines of force. 


The chart in Fig. 100, showing the lines of force 
per square inch, produced in soft iron by various 
numbers of ampere-turns, may often be very useful 
to you. 


To read the chart select any number of ampere 
turns at the bottom line and run up the vertical 
lines to the curve, then to the left edge, and 
read nuniber of lines. Thus 5 ampere turns gives 
about 67,000 lines per square inch. 10 ampere turns 
gives 90,000 lines. 12 ampere turns about 95,000 
lines, etc. 
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It is interesting to note how the factors in a mag- 
netic circuit can be closely compared to those of 
an electric circuit. In the electric circuit, we have 
pressure or Electro-Motive-Force, Current and 
Resistance. In the magnetic circuit we have Mag- 
neto-Motive-Force, Flux and Reluctance. And in 
the electric circuit we have the units volt, ampere 
and ohm, while in the magnetic circuit we have the 
Ampere-Turn, Lines of Force, and Rel. ` 





T 
9 
z 
w 
i 
^ 
č 
w 
a 
w 
9 
œ 
S 
ù 
4 
uw 
= 
A 


10 15 20 26 30 
AMPERE TURNS PER INCH OF LENGTH 





ig. 100. Ci showing number of lines of force that can be set up in 
E solt shest ioni witb various numbers of ampere turns. 


'The Rel is a name often used for the unit of re- 
luctance. Its symbol is R 


One rel is the amount of reluctance offered by: 
a prism of air or non-magnetic material, 1 inch 
square and 3.19 inches long. We know that iron 
is much lower reluctance than air, and it takes a 
bar of mild steel or wrought iron 1 inch square and 
460 feet long to have a reluctance of 1 rel. Cast 
iron is somewhat higher reluctance, and a bar 1 inch 
square and 507 feet long has 1 rel reluctance. 


One ampere turn can set up one line of force in 
a reluctance of 1 rel. 
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PRACTICAL ELECTRO-MAGNET 
CALCULATIONS 


To calculate the total flux or lines of force in a 
magnetic circuit we can use the following formulas: 


M 
Gere ee 
R 
In which: 
$ equals flux in lines of force. 
M equals MMF in ampere turns. 
R equals reluctance in rels. 
For example, if we have 1200 ampere turns: 
M.M.F., on a magnetic circuit of .03 rel, what 
would be the total flux? 





1200 
$ — ——, or Flux — or 40,000 lines. 
R .03 


In order to be able to calculate the reluctance of 
a magnetic circuit, we must know the Reluctivities 
of common magnetic and non-magnetic materials. 

Non-magnetic materials all have a reluctivity of 
about .313 rel, per inch cube. 

Mild steel or wrought iron usually has a reluc- 
tivity of about .00018 rel, per inch cube, and cast 
iron .00164 rel per inch cube, under favorable con- 
ditions. But of course, the values vary somewhat 
with the density of the flux used in the metals. 

Knowing these values, the reluctance of a core 
can be found as follows:— 


XL 
A 





In which: 
R equals rels. 
v equals reluctivity of core per inch cube. 
L equals length of core in inches. 
A equals cross sectional area of core in square 
inches. 
If you wish to make a magnet using a wrought 
iron core 2x2x8 inches, what would the core reluc- 
tance be? 
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vX L .00018 X 8 
, or R = ——— or .00036 rel. 
4 





If the same magnet has an air gap of about 
2x2xl inches, what would the total reluctance of 
the circuit be, including the core and air? ^ 


vXL sace 


,orR = 











= 07825 rel. 
4 


reluctance of air core. 

Then .00036 plus .07825 = .07861 rel reluctance of 
total circuit. 

If you wind 1000 turns of wire on this core, and 


pass 5 amperes of current through the coil, how 
much flux will be set up? 


5 amps X 1000 turns equals 5000 ampere turns 
or I.N., and I.N. also equals M or MMF. 
Then from our formula for determining flux: 





o= 


LIFTING POWER 


The pulling or lifting power of a magnet de- 
pends on the flux density in lines per square inch, 
and the area poles in square inches. Then 
© determine the actual lift in pounds we use the 
figure 72,134,000, which is a "constant," determined 
by test of the ratio of lines to Ibs. 





, or flux = 
hi 


000 
or 63,605 lines. 
1 






From this we get the very useful formula: 
Area X (Flux Density)? 


72,134,000 

(Note, the flux density is to be squared or multi- 
plied by itself.) I 

If a magnet has a pole area of 4 square inches 
and a flux density of 100,000 lines per square inch, 
what would be its lifting power? 

4 X 100,000? F 
Lbs. = ———————— or 554.5 + pounds. 
72.134.000 
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So we find that a good magnet should lift over 
138 pounds per square inch of pole surface. 


We can usually depend on a lift of over 100 
pounds per square inch even though the magnet 
is only working at a density of 90,000 lines per 
square inch. This, of course, means the lift obtain- 
able when both poles of the magnet are actually in 
good contact with the iron to be lifted. 

You have now learned how to use the units Am- 
pere-turn, lines of force, and rel, to calculate flux 
and pull of magnets by simplified formulas. 


C. G. S. UNITS 


It may be well to mention here another set of 
units used in some cases instead of those above 
mentioned, 

These are the Gilbert, Maxwell, and Oersted. 

The Gilbert is a unit of M.M.F., similar to the 
ampere-turn, but one ampere-turn is larger, and 
equal to 1.257 Gilbert. 

The Maxwell is a unit of flux, equal to one 
line of force. 


The Oersted is a unit of reluctance, and is the 
reluctar ze of 1 cubic centimeter of air or non-mag- 
netic material. 


This second set of magnetic units are from the 
C.G.S. (Centimeter, gram, second) system of units, 
and can be used for practically the same purpose 
as the ampere-turn, line of force, and rel. They 
merely differ slightly in size, the same as the centi- 
meter and the inch are both units of measurement, 
only of different sizes. | 


The practical man will probably find the ampere- 
turn, lines of force, and rel, much easier units to 
use, because they deal with square inches instead 
of centimeters, and the ampere-turn is so easily 
understood, as a unit of M.M.F. The other units 
are merely mentioned and explained here, so if . | 
you see or hear them used from time to time you 
will understand their meaning. 
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Direct current is best for operation of Electro- 
magnets, as its steady flow gives a much stronger 
pull per ampere-turn, than alternating current. 


However, many A. C. magnets are used on motor 
controllers, Pe CU breakers, etc. 


I 


MAGNET WINDING AND REPAIRS 


In making electro-magnets the core should be of 
f good soft iron, and covered with one or more lay- 
ers of oiled paper or varnished cloth insulation. 
This will prevent the wires of the first layer of 
winding from becoming grounded or shorted to the 

core, if their insulation should become damaged. 


Some sort of end rings should be provided to 
hold the ends of the winding layers in place. Hard 
fibre is commonly used for this purpose. See Fig. 
101, which shows a sectional view of an electro- 
magnet. 


Some magnet coils are wound with thin insula- 
tion between each layer of wire, and some are 
wound without it. It is not absolutely necessary to 
have the turns of each layer perfectly flat and even, 
as they are in machine wound coils, to make a good 
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Fig. 101. Sectional view of electro-magnet, showing core, insulation and 
P winding. 


magnet. But they should be wound as smooth and 
compact as possible. 
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Magnet wires, with insulation of cotton, silk, 
enamel, or combinations of cotton-enamel or silk- 
enamel, are used for winding electro-magnets. 
Enamel is excellent electrical insulation, takes up. 
the least space in the coil, and carries heat to the 
outside of coil very well. Therefore it is ideal for 
many forms of compact coils, of fine wires. But the 
cotton or silk covered wires are easier to handle 
and wind, as they stand the mechanical abuse 
better. 


When winding a magnet coil with very fine wires 
which are easily broken, it is well to splice a piece 
of heavy flexible wire to the fine wire, for both 
starting and finishing leads of the coil. The piece 
of heavier wire used in starting the coil should 
be long enough to make several turns around the 
core, to take all strain off the fine wire in case of 
a pull on this end wire. Then wind the fine wire 
over the “lead in” wire, and when the coil is finished 
attach another piece of heavy wire, and wrap it. 
several times around the coil, to take any possible 
strain on this outer "lead" wire. Any splices made 
in the coil should be carefully done, well cleaned, 
and soldered, so they will not heat up, arc or burn 
open, after the coil is finished and in service. A 
layer of tape or varnished cloth should be put over 
the outside of the coil to protect the wires from 
damage. 





When repairing and rewinding magnet coils from 
motors, controllers, relays, or any electrical equip- 
ment, be careful to replace the same number of 
turns and same size of wire as you remove. Other- 
wise the repaired coil may overheat or not have the 
proper strength. 


If the wire removed is coarse, the turns can 
usually be carefully counted. If it is very fine and 
perhaps many thousands of turns, it can be accur- 
ately weighed, and the same amount by weight, 
replaced. 


The ‘size of the wire used for the repair should 
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Magnet Testing 
be carefully compared with that removed, by use 
of a wire gauge or micrometer. 


The same grade of insulation should be used 
also, because if thicker insulation is used it may be 
difficult to get the full number of turns back on the 
coil, or it may overheat, due to the different heat 
carrying ability of the changed insulation. 


TESTING COILS FOR FAULTS 

It is very simple to test any ordinary magnet coil 
for "open circuits," "grounded circuits" or "short 
circuits" commonly referred to as opens, shorts, 
and grounds. 


A test lamp or battery and buzzer can be used for 
most of these tests. 


See Figs. 102-A, B and C. 





Fig. 102. Methods of testing coils for faults. 


In Fig. 102-A, the'coil has a break or “open,” and 
a battery and test lamp or buzzer connected to its 
ends, will not operate, as current cannot pass 
through. If the coil was good and not of too high 
resistance, the lamp or buzzer should operate. In 
testing coils of very high resistance, a high voltage 
magneto and bell are often used instead of the bat- 
tery and lamp. 


In Fig. 102-B, the insulation of one turn of the 
coil has become damaged, and allows the wire to 
touch the core. This is called a “ground.” 


With one wire of the lamp and battery circuit 
connected to the core, and the other connected to 
either coil wire, the lamp will light, showing that 
some part of the coil touches the core and completes 
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the circuit. If there were no grounds and the insu- 
lation of the entire coil was good. no light could 
be obtained with this connection, to one coil lead 
and the core. 

In Fig. 102-C, the coil has developed two grounds 
at different places, thus “shorting” out part of the 
turns, as the current will flow from X to X1 through 
the core, instead of around the turns of wire. With 
the battery and lamp connected as shown this would 
usually cause the lamp to burn a little brighter than 
when connected to a good coil. If a good coil of 
the same type and size is available, a comparative 
test should be made. 


Some of the turns being cut out by the "short" 
reduces the coils resistance, and more current will 
flow through the lamp. In some cases a low read- 
ing ammeter is used instead of the lamp, to make 
a more accurate test. 


Short circuits may also occur by defective insu- 
lation between two or more layers of winding, al- 
lowing the turns to come together and possibly 
shorting out two or more layers, thus greatly weak- 
ening the coil and causing overheating. 


Figs. 103 to 106 show several types of electro- 
magnets, 


Note carefully the windings and direction of cur- 
rent flow in each of these magnets, and check the 
polarity of each with your right hand rule. This 
will be excellent practice and help you to remem- 
ber this valuable rule. 


The two coils on the double magnet in Fig. 104 
are wound in opposite directions to create unlike 
poles together at the lifting ends. This is very 
important and necessary, or otherwise the magnet 
would have like poles, and not nearly as strong 
attraction or pull. The coils of the telephone re- 
ceiver and bell, in Fig. 105, are also wound op- 
positely for the same reason. 


Those in the motors in Fig. 106 are wound 
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opposite to create unlike poles adjacent, to allow 
a complete magnetic circuit from one to the other. 
Note carefully the path of the flux in each case. 





Fig 103. Plunger type magnet at left. Shell type magnet at right. 


If you have carefully studied this section on mag- 
netism and electro-magnetism, you have gained 
some very valuable knowledge of one of the most 
important subjects of electricity. 








Fig. 104. Double and single electro-magnets. 


You will undoubtedly find many definite uses for 
this knowledge from now on, and it will be a great 
help in understanding electrical machines of prac- 
tically all kinds. 
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_ ELECTROMAGNETIC INDUCTION 


Whenever a wire or other conductor is moved in 
a magnetic field so that the conductor cuts across 
the lines of force there is an electromotive force 
produced in that conductor. If a conductor remains 
stationary and the magnetic field moves so that its 
lines cut across the conductor an electromotive 
force is produced in the conductor. This action of 
producing or "inducing" electromotive force by 
movement between a conductor and a magnetic 
field is called electromagnetic induction. 





Fig. 105. Sketches showing use of electro-magnets in telephone receiver 
and door bell. 


Without electromagnetic induction we would 
have no electric generators and would be reduced 
to using batteries for all the current we need. 
Much of our need for current would disappear, 
because without electromagnetic induction we 
would have no electric motors, no transformers, 
and none of the dozens of other devices on which 


EC electrical industry depends. 
GENERATING ELECTRIC PRESSURE 
BY INDUCTION 


If we move a piece of wire through magnetic 
lines of force as in Fig. 107, so the wire cuts across 
the path of the flux, a voltage will be induced in 
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this wire. Faraday first made this discovery in 
1831. , 3 

Jf we connect a sensitive voltmeter to this wire, 
thus completing the circuit, the needle will indi- 
cate a flow of current every time the wire is moved 
across the lines of force. This induction, of course, 
only generates electrical pressure or voltage in the 
wire, and no current will flow unless the circuit is 
complete as shown in Fig. 107. So it is possible to 





Fig. 107. When a wire is moved through magnetic flux, voltage is 
generated in the wire. 


current, if the circuit is open. 

In fact we never do generate current, but instead 
we generate or set up the pressure, and the pres- 
sure causes current flow if the circuit is completed. 
But it is quite common to use either the term 
induced voltage, or induced current. This is all 
right and sometimes simpler to state, if we simply 
remember that current always results from the | 
production of pressure first, and only when the cir- ! 
cuit is closed. 
DIRECTION OF INDUCED PRESSURE 

AND CURRENT 

Referring again to our experiment in Fig. 107, if 
we move the wire up through the flux the meter 
needle reads to the left of zero, which is in the 


| 
generate voltage in a wire, without producing any 
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center of the scale. If we move the wire down 
through the flux, the needle reads to the right. If 
we move the wire rapidly up and down, the needle 
will swing back and forth, to left and right of the 
zero mark. This proves that the direction of the 
‘induced pressure and resulting current flow, de- 
pends on the direction of movement through the 
magnetic field, and that we can reverse the voltage 
and current, merely by reversing the direction of 
movement of the wire. 


A simple rule to determine the direction of the 
voltage induced, when the direction of the lines of 
force and movement of the conductor are known, 
is as follows: ' 


Consider the lines of force as similar to moving 
rubber belts, and the wire as a pulley free to re- 
volve when it is pushed against the belts. (See 
Fig. 108.) 

e Assume (A) and (B) to be the ends of wires 
to be moved. (A) is moving upwards against lines 
of force traveling to the right. Then its imaginary 

a rotation would be clockwise as indicated by the 
arrows around it, and this will be the direction the 
lines of force will revolve around the conductor 
from its own induced current. Then remembering 
our rule from the section on electro-magnetism, we 
know that clockwise flux indicates current flowing 
away from us. 





Fig. 108. Sketch of conductors moving through flux, as in a simple 
generator. Note direction of induced pressure, 


Wire (B) is moving down against the lines of 
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force, so if it were to be revolved by them it would 
turn counter clockwise. As this would be the di- 
rection of flux around the wire from its induced 
current, it indicates current would flow toward us. 

Another rule that is very convenient, is the right 
hand rule for induced voltage, as follows: 


Hold the thumb, forefinger and remaining fingers 
of the right hand, at right angles to each other. 
Then let the forefinger point in the direction of 
flux travel, the thumb in direction of movement of 
the wire, and remaining fingers will point in the 
direction of the induced pressure. (See Fig. 109.) 

In the illustration the flux moves to the left, the 
wire moves up, and the current in the wire would 
be flowing toward you, as indicated by the three 
remaining fingers. 

Practice this rule, as you will find a great 
deal of use for it on the job, in working with motors, 
generators, etc. 


AMOUNT OF PRESSURE GENERATED DE- 
PENDS ON SPEED AT WHICH LINES 
ARE CUT 

Referring back again to Fig. 107, if we hold the 
wire still, even though in the magnetic field, ne 





Fig. 109. Right hand rule for direction of induced voltage. Compare 
Position of fingers with direction of flux and wire movement. 


pressure will be generated. Or if we move the 
wire to right or left, parallel to the path of the flux, 
no pressure will be produced. So we find that the 
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wire must cut across the flux path to generate 
voltage, or as we often say it must be "Cutting" 
the lines of force. 


The faster we move the wire through the mag- 
netic field, or the stronger the field and greater the 
number of lines of force, the farther the meter 
needle moves. : 

So the difference in pressure or voltage produced 
by electro-magnetic induction, depends'on the speed 
with which lines of force are cut, or the number of 
lines cut per second. 

A very important rule to remember is that one 
conductor cutting 100,000,000 lines of force per 
second will produce 1 volt difference in pressure. 

. This probably seems to be an enormous number 
of lines to cut to produce one volt, but we do not 
actually have to use one magnet with that many 
lines of force, as we can speed up the movement 
of the conductor in an actual generator, so fast that 
= it will pass many magnet poles per second. 


We can also add the voltage of several wires 
together by connecting them in series in the form: 
of coils. (See Fig. 110A and 110B. 


Here we have three separate wires all of which 
are moved upwards through the flux at once, and 
we find an equal amount of pressure is induced in 
each, all in the same direction. Then when we 
^connect them all in series as shown, so their volt- 
ages will all add up in. the same direction in the 
circuit, our meter reads three times as much voltage 
as it did with one wire. Generator coils are often 
made with many hundreds of turns so connected, 

' thus obtaining very high voltage. 


i 


SIMPLE GENERATOR PRINCIPLES 


In Fig. 111A and 111B are shown single turn 
coils A, B, C, D, arranged to be revolved in the 
field of permanent magnets. The ends of the coils 
are attached to metal slip rings which are fastened 
to the shaft, and revolving with it. This gives a 
connection from the moving coils to the lamp cir- 











Generator Principles 


cuits by means of metal or carbon brushes rubbing 
on the slip rings. g 





Fig. 110-A. Using several wires connected in series to obtain higher 
induced voltage. 
Fig. 110-B. Coil of several turns, as used in generators. 


Assume that the coil A, B, C, D in Fig. 111A re- | 
volves to the right, or clockwise. The wire A. B, 

will be moving upward through the flux, and the 

induced pressure will be in the direction indicated 

by the arrow on it. 





Fig. 111-A. Simple electric generator of one single wire loop, in the flux 
sof a strong permanent magnet. 
Fig. 111-B. Here the coil has revolved one- turn farther than in (A). 


Wire C, D, is moving downward, and its induced 
pressure will be in the reverse direction, but will 
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join with, and add to that of wire A, B, as they 
are connected in series in the loop. Note that the 
current flows to the nearest collector ring, and out 
along the lower wire to the lamp, returning on the 
upper wire to the farthest collector ring and the 
coil, 

In Fig. 111B is shown the same coil after it has 
turned one-half revolution farther, and now wire 
A, B, is moving downward instead of up as before. 
Therefore, its pressure and current are reversed. 
The wire C, D, is now in position where A, B was 
before, and its pressure is also reversed. This time 
we find that the current flows out to the farthest 
collector ring, and over the top wire to the lamp, 
returning on the lower wire. 


ALTERNATING CURRENT AND DIRECT 
CURRENT 


So we see that as the conductors of such a sim- 
ple generator revolve, passing first a north pole and 
then a south, their current is rapidly reversed. 
Therefore we call the current it produces alternat- 
ing current, abbreviated A. C. 





Fig. 112-A and B. Single loop generators with simple commutators, for 
producing direct current. Note how current continues in same 
direction through the lamp, at both positions of the coil. 

If we wish to obtain direct current (D. C.), we 
must use a commutator or sort of rotary switch, 
to reverse the coil leads to the brushes as the coil 
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moves around. All common generators produce 
A. C. in their windings, so we must convert it in 
this manner if we wish to have D. C. in the ex- 
ternal circuit. (See Fig. 112-À and B.) 

Here again we have a revolving loop. In Fig. 
112A the wire A, B is moving up, and its current is 
flowing away from us, and that of C. D. toward us. 
The coil ends are connected to two bars or segments 
of a simple commutator, each wire to its own sepa- 
rate bar. With the coil in this position, the cur- 
rent flows out at the right hand brush, through the 
lamp to the left, and re-enters the coil at the left 
brush. 

In Fig. 6B, the coil has moved one-half turn to the 
right, and wire A, B is now moving down, and its 
current is reversed. However, the commutator 
bar to which it is connected has also moved aroun: 
with the wire, so we find the current still flows in 
the same direction in the external circuit through 
the lamp. 


INDUCTION COILS 


Now did you think of this? 

If moving a wire through lines of force will in- 
duce pressure in the wire, why wouldn't it also 
generate pressure if the wire was stationary, and 
the flux moved back and forth across it? 


That is exactly what will happen. (See Fig. 113.) 

Here we move the magnet up and down, causing 
the lines of force to cut across the wire which is 
statfonary, and again we find that the meter needle 
swings back and forth. This proves that pressure 
is generated whenever lines of force are cut by a 
wire, no matter which one it is that moves. 

You also know that every wire carrying current 
has flux around it. 

Now if we place one wire which is carrying cur- 
rent, parallel and near to another wire, its flux 


will encircle the wire that has no current. (See 
Fig. 114A and B. 
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When we close the switch the current starts to 
flow in wire "B," building up its magnetic field ` 
around it. In building up, these lines seem, to 
expand outward from the wire, cutting across wire 
“C,” and the meter will show a momentary deflec- 
tion when the switch is closed. 








Fig. 113. Induction experiment, moving the magnet and its field instead 
of the wire. 


After the flux has been established the meter 
needle drops back to zero, and remains there as 





Fig. 114-A and B. Sketches sbowing how induction takes place between 
two wires, when current and flux are varied. 


long as the current in wire "B" does not change. 
This shows that no induction takes place unless 
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the current is changing, causing the flux to expand 
or contract and cut across the wire. 


: When we open the switch interrupting the cur- 
rent flow, and allowing the flux to collapse around 
wire "B," the meter needle reads in the opposite 


direction to what it did before. Then it drops back 
to zero once more after the flux has died down. 


If we open and close the switch rapidly, causing 
a continual variation im current and flux of wire 
"B," the meter needle will swing back and forth. 
showing that we are inducing alternating current 
in wire "C." This is the principle on which induc- 
tion coils and power transformers operate. 


If we arrange two coils as in Fig. 115, we find the 
induction between them much greater than with 
the single straight wires, because of the stronger 
field set up around coil A, and the greater number 
of turns in coil "B" which are cut by the flux. The 
meter will now give a much stronger reading when 
the switch is opened and closed. 

In Fig. 115, coil A, which is said to be excited or 
energized by the battery, is called the "Primary." 
Coil "B," in which the voltage is induced by the 
flux of the primary, is called the “Secondary. 





Fig. 115. Induction between two coils. A is the “primary coil” in which 
exciting current flows. B is the “secondary coil” whi 


` current is being induced. | 
TRANSFORMERS 
PURPOSE | 


A transformer is a device designed to change an 
A.C. voltage—or a periodically varying D.C. volt- 
age—from one value to another without any change 
in frequency. It should be noted, however, that 
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2 k 
while the input to a transformer may be pulsating 
D.C., the output will always be A.C. 


CONSTRUCTION 


The ordinary transformer consists of a primary 
winding — connected to the source of energy — a 
laminated iron core, and one or more secondary 
windings. Theoretically, any winding may be used 
as the primary, provided the proper voltage and 
frequency be applied to it. The laminated iron core 
serves as an efficient means of magnetically coupling 
together the primary and secondary windings. 


ACTION 


A periodically varying voltage applied to the pri- 
mary winding produces a varying current that in 
turn develops a varying flux in the iron core. This 
varying flux cuts all windings, inducing in each of 
them a voltage proportional to the number of turns. 


TURNS RATIO 


The ratio of the primary voltage to any secon- 
dary voltage is practically equal to the ratio of the 
primary turns to the secondary turns as indicated 
by the formula: 


Primary turns _ Primary voltage 
Secondary turns Secondary voltage 


ACTION UNDER LOAD 


The voltage induced in the primary winding by 
the growing and dying core flux is practically equal 
to the applied voltage; moreover, this induced volt- 
age directly opposes the appliéd voltage; therefore, 
the current drawn from the supply is small. 

When a secondary circuit is completed, current 
circulates around the iron core in the opposite direc- 
tion to the primary current, reducing the core flux 
and the counter voltage of the primary. This action 
causes the current in the primary to vary in accord- 
ance with the secondary load. It is through this 
action that the transformer automatically adjusts 
itself to changes in secondary load. 

Two coils or windings on a single magnetic core 
form a transformer. With a transformer we may 
take a large alternating current at low voltage and 
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change it into a small current at high voltage, or 
may take the small alternating current at high volt- 
age and change it into a large current at low 
voltage. This ability of the transformer makes it 
possible to use generators which produce moder- 
ately large alternating currents at moderately high 
voltages, and to change over to a very high volt- 
age and proportionately small current in the trans- 
mission lines. e 
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6 

Do you wonder why we want smaller currents 
in our transmission lines? It is because the power 
required for forcing the electricity to flow against 
the resistance of the lines varies with the square of 
the current. Twice as much current means four 
times as much power just to overcome resistance, 
while half as much current means only one-fourth 
as much power to overcome resistance. Then when 
we drop the current to one-tenth its original value 
by using a transformer we have cut the power loss 
due to. resistance to one one-hundredth what it 
might have been. 


With such a cut in the effect of line resistance 
on power loss we are enabled to use smaller wires 


167 








Transformers 


containing less copper for our long-distance trans- 
mission lines. The cost of large copper wires and the 
difficulty of handling and supporting their great 
weight in large sizes make it uneconomical to trans- 
mit direct current more than a mile or two, yet by 
using alternating current with transformers it is 
economically possible to have transmission lines 
hundreds of miles long. 


The elementary principle of a transformer is 
shown by Fig. 116. Here we have two windings on 
opposite sides of a ring-like core made of iron. 
Actually it is more common practice to wind one 
coil around the outside of the core and to have 
both of them on one part of the iron core. Later on 
we shall study all types of transformers and their 
uses. 


SECONDARY 
D 





Fig. 116. Core and windings of a simple transformer. 


The source of alternating current and voltage is 
connected to the primary winding of the trans- 
former. The secondary winding is connected to the 
circuit in which there is to be a higher voltage and 
smaller current or else a larger current and smaller 
voltage than in the primary. If there are more turns 
on the secondary than on the primary winding the 
secondary voltage will be higher than that in the 
primary and by the same proportion as the number 
of turns. The secondary current then will be pro- 
portionately smaller than the primary current. With 
fewer turns on the secondary than on the primary 
the secondary voltage will be proportionately lower 
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than that in the primary, and the secondary current 
will be that much larger. Alternating current is 
continually changing, continually increasing and 
decreasing in value. Every change of alternating 
current in the primary winding of the transformer 
produces a similar change of flux in the core. Every 
change of flux in the core, and every corresponding 
movement of magnetic field around the core, pro- 
duces a similarly changing movement of magnetic 
field around the core, produces a similarly changing 
electromotive force in the secondary winding and 
causes an alternating current to flow in the circuit 
which is connected to the secondary. 

In discussing the action of the transformer we 
have mentioned electric power and loss of power. 
As you well realize, the production, transmission 
and use of power represent much of the practice 
of electricity. In the following section we shall talk 
about power, what it really means, and how it is 
measured, eee 


STATIC ELECTRICITY 


CHARGES OF ELECTRICITY 

Imagine that you have a sheet of mica, glass, hard 
rubber or some other insulating material and that 
on each side of the insulating material are metal 
plates. The meta] plates are insulated from each 
other by the material between them. If you were 
to connect the metal plates to the two terminals 
of a battery or other source of d-c potential there 
would be a momentary flow of current from the 
positive side of the battery to one plate and an 
equal flow of current from the other plate to the 
negative side of the battery. The flow of current 
would exist for only an instant, then would stop. 
No current could continue to flow because there is 
insulation between the metal plates. 


If the battery were disconnected from the metal 
plates and then reconnected to them in the same 
manner as before there would be no momentary 
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flow of current provided the plates had remained 
completely insulated from all electrical conductors 
while the battery was disconnected. It is evident 
that the first connection of the battery produced 
some change in the insulating material between 
the plates which enabled them to oppose flow of 
current during the second test. 


When first studying electricity we learned that 
all substances consist of atoms which contain 
electrons, and that electrons are particles of nega- 
tive electricity. When a potential difference is 
applied to conductors separated by insulation, as 
to the metal plates just discussed, the potential 
difference causes negative electrons to flow from 
one side of the potential source to one of the con- 
ductors or metal plates. These negative electrons 
pass to the side of the insulator in contact with the 
plate, and that side of the insulator becomes more 
negative. An equal quantity of electrons leaves the 
opposite side of the insulator and passes through 
the other metal plate to the other side of the poten- 
tial source. This loss of negative electrons leaves 
this side of the insulator more positive than before. 

When an insulating material is used in the man- 
ner described it is called a dielectric. The side of 
the dielectric connected to the positive terminal 
of the battery acquires a positive charge of elec- 
tricity—meaning that it loses some negative elec- 
trons and becomes more positive. The side of the 
dielectric connected to the negative terminal of the 
source becomes negatively charged, meaning that 
it has more than the normal number of electrons. 
Since the dielectric is an insulator, through which 
electricity or electrons cannot flow, the unbalanced 


condition will persist on the surfaces of the dielectric 
when the battery or other source is disconnected, 
and would persist were the dielectric removed from 
between the plates so long as the dielectric comes 
in contact with no conductors. : 
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An electric potential, or a difference of potential, 
means simply that there are more electrons at one 
place than at another, or that one place has more 
than its normal number of electrons, or that another 
„has fewer than its normal number. 

Any difference of potential is measured in volts. 
Connecting the battery to the plates and thé dielec- 
tric produced a difference of potential on opposite 
sides of the dielectric,.equal to the difference of 
potential furnished by the battery. Consequently, 
when you connect the battery to the plates a second 
time the battery potential is opposed by a potential 
equally great on the dielectric. The positive ter- 
minal of the battery is connected to the side of the 
dielectric having a positive charge and the negative 
terminal of the battery to the side having a negative 
charge. The potential difference of these charges is 
equal to that of the battery, so no current flows. 


CAPACITANCE AND CAPACITORS 

Conductors separated by insulation or a dielec- 
tric, and having a difference of potential, have the 
ability to produce electric charges on the dielectric. 
This ability to receive and hold electric charges is 
called capacitance or may be called electrostatic 
capacity. A device which contains conductive plates 
and insulating dielectric arranged especially for re- 
ceiving electric charges is called a capacitor or an 
electrostatic condenser. 

The capacitance of a capacitor is measured in ac- 
cordance with the quantity of electricity (electrons) 
which may be added to one side and taken off the 
other side of the dielectric. If a potential difference 
of one volt causes one coulomb of electricity to flow 
into a capacitor the capacitance is one farad. If we 
made a capacitor with mica only as thick as the 
paper in this page, and used a single square sheet, 


our capacitor would have to measure more than a 
mile along each side to have a capacitance of one 
farad. À unit so large as the farad is impractical for 
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ordinary capacitors, so we use the microfarad which 
is equal to one one-millionth of a farad. 

The capacitance varies with the kind of dielectric, 
and the effect of the kind of dielectric on capacitance 
is called the dielectric constant of the material. The 
dielectric constant of air is 1.0, while that of waxed 
paper, as one example, is from 2.5 to 4.0. This 
means that a capacitor with waxed paper dielectric 
will have a capacitance 2.5 to 4.0 times as great as 
an otherwise similar one having air for its dielectric. 
Dielectric constants of most insulating materials 
range from 1.5 to 8.0, 


With a given knid of dielectric, capacitance be- 
comes less in direct proportion as the dielectric is 
made thicker, and becomes more in direct propor- 
tion as the area of dielectric in contact with the 
plates is made greater. Many capacitors which are 
to withstand voltages of only a few hundred have 
dielectrics of several sheets of thin waxed paper. 
For high voltages the dielectric usually is sheets 
of mica. 


If a capacitor is connected in a direct-current cir- 
cuit there will be a momentary flow of current as 
the capacitor takes its charge, then the current will 
stop because the dielectric is an insulator. 


If a capacitor is connected in an alternating- 
current circuit the flow in amperes will be reduced 
but some current will continue to flow. The greater 
the capacitance of the capacitor the larger will be 
the remaining current. This rather peculiar action 
is due to the fact that alternating current merely 
surges back and forth in a circuit, moving first one 
direction and then the other. The alternating cur- 
rent may flow in one direction until it charges the 
capacitor in that direction, then may flow in the 
opposite direction as the capacitor discharges and is 
recharged in the opposite direction or opposite 
polarity. 
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ELECTROSTATIC FIELDS 

Just as there is a magnetic field and magnetic 
lines of force around a magnet so there is an elec- 
trostatic field and electrostatic lines of force around 
an insulating material or dielectric material which 
is electrically charged. The electrostatic field may 
be represented by lines between electrostatic poles 
just as the magnetic field is represented by lines 
between magnetic poles. Electrostatic lines issue 
from the positive electrostatic pole and return to 
the negative electrostatic pole. 


The positively charged end of a dielectric may be 
called its positive pole, and the negatively charged 
end its negative pole. Unlike electrostatic poles, one 
positive and, the other negative, attract each other 
just as do unlike magnetic poles. Like electrostatic 
poles, or like charges, repel each other—which again 
is similar to the behavior of magnetic poles. 


The greater the dielectric constant of a substance 
the more easily it carries electrostatic lines of force. 
Consequently, when a material of high dielectric 
constant is placed within an electrostatic field this 
material tends to draw into it some of the electro- 
static lines which otherwise would travel through 
the surrounding air, which is of lower dielectric 
constant. 

It is important to understand that the potential 
difference between opposite sides of a charged die- 
lectric may be very high and yet the quantity of 
electricity which will flow to and from the dielectric | 
may be very small. As an example, many of the 
capacitors used in radio have capacitances of only 
a fraction of a microfarad, which means they wil 
charge with only a little electricity and then will | 
discharge a similarly small quantity. But these 
capacitors may be charged to potentials of hun- | 
dreds of volts, or even thousands in transmitting 
outfits. Many a radio man has received a stinging 
shock from the high potential discharge from a 
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capacitor of fairly small physical size. 


Electricity which exists as an excess or as a de- 
ficiency on charged bodies such as dielectrics is at 
rest or remains stationary except while the body 
is being charged or discharged. This electricity- 
which is stationary is called static electricity, and 
when talking about. its effects we use the word 
electrostatic to distinguish them from effects of 
moving electricity, which is the electric current. 


ELECTRIC CHARGES PRODUCED BY 
FRICTION 


If you rub a stick of sealing wax with wool, silk 
or cotton cloth you actually rub some electrons off 
the cloth and onto the wax. The sealing wax then 
has extra negative electrons, so is negatively 
charged. The cloth has lost negative electrons, so 
remains positively charged. Now there are electro- 
static fields around both the wax and the cloth, and 
either will attract small bits of paper, thread and 
other insulating or dielectric materials—just as 
either pole of a magnet will attract pieces of iron 
and steel. This experiment shows that electric 
charges may result from friction when two insulat- 
ing materials are rubbed together. Such frictional 
charges of static electricity are harmful more often 
than useful. 


METHODS OF STATIC CONTROL AND 
PROTECTION 


Now that we have an idea of the general nature 
of static electricity it will be well to consider some 
of the forms in which it is often encountered in 
every day life outside the laboratory. Also 
some of the methods of controlling, or protecting 
against it, because in some of the forms in which 
it is produced by nature, and in our industries, it 
can be very harmful if not guarded against. 


For example, one of the most common occur- 
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rences of static in the home, is when we walk across 

a heavy carpet, and by rubbing or scuffing action 

of our feet we collect a strong charge on our bódies, 

that may have a potential of over 6,000 volts. Then - 
when we come near to a grounded radiator, or water 

pipe, or large metal object, a discharge takes place 
from our body to it, in the form of a hot spark, 
sometimes of considerable length. 

In many cases the only effects of this are the sur- 
prising little shocks or rather humorous incidents 
caused by it. But in some cases it becomes so bad it 
is very objectionable, and even dangerous. For ex- 
ample a person's body so charged can unexpectedly 
ignite a gas flame, or vapor over some explosive 
cleaning fluid. 

Where rugs are the source of objectionable static 
it is sometimes necessary to weave a few fine wires 
into the rug, or provide a metal strip at its edges, 
and ground these by connecting them to a water or 
steam pipe. Or it may be reduced by occasionally 
dampening the rug a little. 


EXPLOSIONS FROM STATIC 

When handling any cleaning fluids of an explo- 
sive nature, one should be very careful not to 
rub the cloth too briskly, as this may produce 
sparks and ignite the vapors. In dry cleaning 
plants the various pots and machines should have 
all parts connected together electrically, and thor- 
oughly grounded with a ground wire. 


Another common occurrence of static in a danger- 
. ous place is on large oil trucks. These trucks run- 
ning on-rubber tires over pavements on dry hot 
days, collect surprising charges that may reach a 
value of 100,000 volts. To prevent the danger of this 
accumulated charge sparking to the operator’s hand 
or a can near a gasoline faucet, and causing an 
explosion, these trucks should all carry a ground- 
ing chain with one end attached to the metal frame 
of the truck, and the other end dragging on the 
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ground or pavement. The tires of many such trucks 
are covered with a conducting paint for the same 
purpose. This equalizes the charges, or lets them 
flow back to earth before they build up to danger- 
ous values. 

Passenger busses are also equipped with such 
ground chains or wires sometimes, to prevent the 
passengers receiving a shock from static charges, 
when stepping on or off the bus. 


STATIC ON BELTS 


High speed belts in factories and industrial plants 
are often sources of surprising static charges. The 
rapid movement of the belt through the air and over 
the pulleys, will often build up charges having 
potentials of 50,000 volts that are very likely to be 
harmful if not eliminated. In some cases these 
charges from the belts will flash over to electric 
motors or generators on which the belts are run- 
ning, and puncture the insulation of the windings 
of these machines, causing leaks of the power cur- 
rent through this damaged insulation, which may 
burn out the machine. 

A workman around such belts may get such a 


shock from the static, that it will cause him to fall 





Fig. 120. Sketch showing how static can be removed from a belt, 
by use of either à metal comb or roller, and ground wire. 


off a ladder, or to jump against some running ma- 
chinery and be injured. These dangers can be 
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eliminated by placing a metal roller on the belt, or 
a metal comb with sharp points near the belt, and 
then connecting these combs or rollers to earth, or 
a grounded pipe or metal framework, to carry away 
the charges before they become so large. The 
combs should be located from !4 to \% inch from 
the belt. The closer the better, as long as its teeth 
do not touch the belt. (See Figure 120 which shows 
both methods in use on a belt.) 


Many serious fires and explosions of mysterious 
source in various plants, could have been prevented 
by a trained electrician with a knowledge of how 
static is formed and how to guard against it. 


So you see, even in this first little section on 
static electricity alone, you are learning something 
which may be of great value to you on the job. 


LIGHTNING 


Lightning is probably the most sensational mani- 
festation of static electricity that we know of. 


Lightning is the discharge of enormous charges 
of static electricity accumulated on clouds. These 
charges are formed by the air currents striking the 
face of the clouds and causing condensation of the 
vapor or moisture in them. Then these small 





Fig. 121. Wind striking the face of a cloud, carries vapor and electrical 
charges to top of it. 


particles of moisture are blown upward, carrying 


177 


Oe ae a re ee a RE T 


Static Electricity 


negative charges to the top of the cloud, and leaving 
the bottom positively charged. (See Figure 121.) 


Or the reverse action may take place by heavy 
condensation causing large drops of rain to fall 
through part of a cloud. Thus one side of a cloud 
may be charged positively and the other side nega- 
tively, to enormous pressures of many millions of 
volts difference in potential. 


When such a cloud comes near enough to earth, 
and its charge accumulates high enough, it will dis- 
charge to earth with explosive violence. (See Figure 
122. 





Fig. 122.. Photo of a brilliant lighting flash at night. 


The earth is assumed to be at zero potential. So 
any cloud that becomes strongly charged will dis- 
charge to earth if close enough. It is important 
to remember that whenever one body is charged to 
a higher potential or pressure than another, elec- 
tricity tends to flow from the point of high potential 
to the low. The direction of this flow is usually 
assumed to be from positive to negative. It takes 
place very easily through wires when they are pro- 
vided. But it is hard for it to flow through air, and 
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requires very high pressure to force it to flash 
through air, in the case of sparks or lightning. 

Very often a side of one cloud will carry a nega- 
tive charge, and the nearest side of another cloud a 
positive charge. When these charges become high 
enough a discharge will take place between the two 
clouds. (See Figue 123.) 


FRANKLIN'S DISCOVERY 


Benjamin Franklin with his kite and key experi- 
ment, about 1752, discovered that lightning was 
electricity, and would tend to follow the easiest 
path, or over any conducting material to earth. 


He actually obtained sparks from a key on his 
kite line, to his fingers, and to ground. This led 
to the invention of the lightning rod, as a protection 
against lightning damage. 


We,say lightning "strikes" various objects such | 
as trees, buildings, etc., because in its tendency to | 
follow the easiest path to ground it makes use of 
such objects projecting upwards from the earth, a« 
part of its discharge circuit or path. 





Fig. 123. Lighting flashing from one cloud te anotber, when cleuds 

Rain soaked trees, or trees with the natural sap in 
them are of lower electrical resistance than air and 
so are buildings of damp wood or masonry, or of 
metal. And the taller these objects are above the 
ground, the more likely they are to be struck by - 
lightning. 
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When lightning does strike such objects, its in- 
tense heat vaporizes their moisture into steam, and 
causes other gases of combustion that produce 
explosive force. And this along with an electro- 
static stress set up between the molecules of the 
material itself, causes the destructive action of 
lightning. This can be quite effectively prevented 


by use of properly installed lightning rods. (See 
Figue 125. 


LIGHTNING RODS 


These rods are made of copper or material that is 
a good conductor of electricity. They should be 
installed on the tops, or very highest points of 
buildings or objects to be protected, and on all of 
the various corners or projections that are separated 
to any extent. These several rods are all connected 
together by a heavy copper cable, and then one or 
more ground cables of the same size, run from this 
to the ground by the most direct path. In running 
this ground cable, it should be as straight as pos- 
sible, and if any turns or bends are made, they 
should be rounded or gradual bends. 


The grounded end should be buried several feet 
in moist earth, or securely attached to a driven 
ground rod or pipe, or buried metal plate. The tips 
of lightning rods are usually sharply pointed, be- 
cause it is easier for electricity to discharge to or 
from a pointed electrode, than a blunt one. These 
pointed rods, and heavy conductors of copper, form 
a much easier path to ground for electricity than the 
ordinary non-metal building does, and in some cases 
actually drain the atmosphere of small charges, 
before they become dangerously large. When a 
direct bolt of lightning does strike a rod, it usually 
flows through the cable to ground, doing a little or 
no damage to the building, because the heavy 
‘charge of electricity flows through the good metal 
conductor without causing the terrific heat that it 
does in passing through air, wood, and other higher 
resistance materials. 


Lightning Rods 


Such rod systems have ben proven to be a great 
protection, both by data collected on rodded and 
unrodded buildings in different parts of the country, 
and by actual tests in laboratories where several 
million volts of artificial lightning have been pro- 
duced and used on miniature buildings. 





Fig. 124. Large tree shattered by lightning, showing the force and 
power of heavy lightning discharges. 

Tests also prove that rods of a given height, pro- 
tect a certain cone shaped area around them as 
shown in Fig. 126. The diameter of this area at 
the base, is about three to four times the rod height. 
Many of the large oil reservoirs in western states 
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are protected from lightning fires byyinstalling tall 
masts around their edges, and sometimes with 
cables strung between the masts. 


Electric power lines are often protected from 
lightning by running an extra wire above them on 
the peaks of the towers, and grounding it through 
each tower. 


More about protection of lines from lightning will 
be covered later under lightning arresters. 


But in this section we have covered ordinary 
lightning protection, the general nature of static, 
and the methods of controlling it, in the places 
where it is most commonly found, in our homes and 
factories. 





Fig. 125. Sketch of house equipped with lightning rods, to carry static 
and lightning safely to earth. 


YOUR MENTAL TOOL KIT 


Now we have arrived at the point where all the 
principles and rules that you have studied will com- 
mence working for you. The facts that you have 
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learned are working tools of the electrical expert 
just as much as are his voltmeters, ammeters, wire 
cutters, screw drivers, and all the other things of 
more substantial form. 3 





Fig. 126, Tall lightning rod used to protect oil tanks from lightning 
fires. The dotted lines show the area protected, and within 
which lightning will not strike. 


The mental tools that have been given to you in 
all these pages—the tools that henceforth you will 
carry in your head—are more necessary and more 
useful than the ones made of steel and brass and 
bakelite that you use with your hands. The tools 
you carry in your head get sharper and do better 
work the more you use them. You never can lose 
these tools unless you forget to use them. They | 
have stood up and proved their worth to electrical 
men over and over again, in many cases for a hun- 
dred years or more. 

A man with an active mind and a good knowl- 
edge of basic principles is far better off than one 
with an empty mind and a trunk full of gadgets that 
he does not know how to use to best advantage. The 
man with the knowledge may start years behind 
the other one in practical experience, yet in an in- 
credibly short time will catch and outstrip the other 
fellow in earnings. What’s more, the greater your 
knowledge and understanding of what you are 


183 





Lightning Rods 


doing the greater will be the pleasure and excite 
ment in doing electrical work, 


If you feel that you have not remembered all of 
'the dozens of facts that have been explained in pre- 
ceding pages, don't let that worry you. Most, if not 
all, of them are stored away somewhere in the back 
of your mind. The day you need them on the job 
they will come popping out to help. And even 
though you don’t remember every detail, at least 
you will remember that the point was covered in 
your Reference Set, and all you need do is look 
back to one of the sections and there you have it. 


In our preliminary studies we have gone over 
many very simple things relating to electricity, arid 
have encountered others which are not so simple. 
In the job instructions which follow we shall com- 
mence with the simplest kind of work—that of in- 
stalling electric signals of various kinds. Such work 
is not only profitable and interesting, but it brings 
out many things with which it is essentail that you 
have experience before tackling some of the bigger 
jobs which come later. 
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While Electric Signal and Alarm work is a field 
of tremendous importance, many of these installa- 
tions operate on low voltages, and because of this, 
a student, in his eagerness to get into the more 
advanced work, is sometimes liable to overlook 
the opportunities in this field. Therefore, before 
we get into the actual study material on this 
Equipment and these installations, and to more 
fully appreciate the opportunities for both full and 
spare time work installing, repairing and servicing 
signál and alarm systems of all kinds, let us just 
ldok at a few facts to help us understand and ap- 
preciate the importance of this branch of Electricity, 
where hundreds of thousands of dollars are being 
spent each year. 


OPPORTUNITIES IN THE SIGNAL FIELD 


First, we must remember that there are many 
thousands of new homes being built every vear. 
In addition to the regular electric wiring which 
must be done, there is also a great deal’ of low 
voltage work, such as the installation of door bells 
and buzzers, burglar alarms, fire alarm systems, 
etc. This one field alone requires the expenditure 
of hundreds of thousands of dollars every year, and 
as this work is very profitable, it offers the 
TRAINED MAN a wonderful chance to add to his 
income even while he is learning 


Second, there are the millions of homes already. 
built which now have door bell and buzzer sys- 
tems, fire alarms, etc., which provide another field 
for spare time earnings in repairing and servicing 
of these installations in order to keep them in good 
operating condition. 

Third, in addition to private homes and resi- 
dences, there are many thousands of stores, office 
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buildings, theaters, hospitals, hoteis, banks, etc. 
that have signal systems, burglar alarms, fire 


"1 





Door, bcil installations, buzzer systems and many other similar jobs 
“present plentiful opportunities for profitable spare time work. 


alarms and other low voltage equipment which must 
also be serviced and kept in good operating con- 
dition. 
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Fourth, besides the spare time earnings that 
are possible in installing and repairing these de- 
vices and systems, a good plan, and one that will 
provide you with a steady income is to make an 
arrangement with the owners of homes, stores, 
offices, etc. to keep their signal systems and low 
voltage equipment in good operating condition 
for a certain amount of money each year. The 
cost to the owner is small and the service he 
receives is well worth the small amount invested. 

This is in feality a form of maintenance contract 
work, in which you agree to keep certain equip- 
ment in good operating condition for a certain 
amount of money each year. This means that you 
wil have to make certain periodical inspections 
and answer all service calls that come from the 
owners of such equipment, during the terms of the 
contract. 

Fifth, railways, with their block signal systems, 
train control equipment, etc, provide additional 
opportunities for the man who has the right kind 
of training to enable him to do this work. $ 


Sixth, the signal field in electricity is one of the 
best ways in which a fellow can start an electrical 
business of his own. It requires very little money 
to start a business of installing alarm and signal 
equipment. The cost of apparatus and equipment 
is small, which means that most of the money 
that you will receive for these jobs will be for your 
time and labor. 


Seventh, in addition to these opportunities for 
increasing your income and earning power, this 
instruction and training in electric signal work, 
alarm systems, etc., are valuable for another very 
important reason. The things that you will learn 
in these lessons will be of untold benefit to you 
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later on, in studying such subjects as power plant 
work, etc. - For example, a small bell-ringing trans- 
former operates on exactly the same principles 
as a large power transformer, and is of course, 
much easier for the beginner to work on and to 
understand. 


SIMPLE CALL BELL 


One of the simplest of all signal systems, is the 
ordinary door bell or call bell. 


Such an installation requires an ordinary bell, a 
dry cell, a switch, and a few pieces of wire as shown 
in Figure 1. 


Note how the three devices are connected to- 
gether in a single series circuit. One wire leads 
from the positive terminal of the cell to the right- 
hand bell terminal, one from the left bell terminal 
to the switch, and one returning from the switch 
to the negative cell terminal, thus completing the 
electrical circuit when the switch is closed. 


. In an actual installation, of course, these wires 
would be much longer, as the button would be 
located at the door, and the dry cell and bell prob- 
ably near together somewhere in a rear room of 
the house. d 

This same system can be used for an office 


. call with the button located on a certain desk, and 


the bell at another desk or office where a party is 
to be called. The battery can be located at either 
end of the circuit, equally well. 


This circuit can also be used for a shop call, or 
a burglar alarm or fire alarm, by replacing the push 
button switch with a special door or window switch, 
or thermal’ switch, all of which will be explained 
later. : 


So we find that this very simple system has a 
variety of valuable uses. 
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USE OF PLANS AND SYMBOLS 


When the equipment for any signal system is 
pictured as in Fig. 1, it is of course easy to recog- 
nize each part, and ‘also to connect the wires as 
shown. But we must have some form of plan or 
sketch to do such work from, that can be made 
quicker and cheaper than photographs. So we have 
certain little marks or signs which we use to indi- 
cate the different pieces of equipment in blue prints 
or job plans and sketches. These marks are called 
Symbols. 





Fig. 1. Materials and parts for a simple doorbell or call system. Note 
how the dry cell, bell and button are connected. 

As practically all new electrical installations 
now-a-days are made from prints or plans, the man 
who knows these symbols and can read prints has | 
a great advantage over the untrained man who can- 
not. 

In Fig. 2 is shown a simple sketch of the same 
door bell system as in Figure.l. | 
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This sketch uses the symbols for the various 
parts, and can be quickly and easily made, and also 
easily understood, with a little practice. 


The part marked “A” is the symbol for a cell, 
the long line representing the positive terminal at 
which the current leaves, and the short line the 
negative terminal. “B” is the symbol for the bell, 
and "C" for the switch. 


The heavy top line of the switch represents the 
movable contact. The arrow underneath represents 
the stationary contact. Note that the arrow does 
not touch the upper part, showing that the switch 
is open as it should be normally. Imagine that 
you were to press down on this top part causing 
it to touch the arrow and close the circuit. Current 
would immediately start to flow from the positive 
cell terminal to the bell, and back through the 
switch to the negative side of the cell. The arrows 
along the straight lines, representing wires, show 
the direction of current flow. 





Fig. 2. Sketch showing the connections and circuit of simple doorbell 
system. 

In Reading any electrical diagram from now 
on, practice Tracing Out the current flow in 
this manner. First locate and recognize all the 
parts by their symbols, and if there are any open 
switches, imagine that you close them. Then start- 
ing at the battery, trace the current flow along the 
wires and through the devices, always returning to 
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. the opposite side of the battery from the one at 
which you started. Remember that unless you 
have such a complete circuit no current will flow. 


3. COMMON DEVICES IN SIGNAL 
CIRCUITS 


Now let’s find out more about each of the devices 
used in this simple system just covered, and also 
others. 


We can readily see that the principal parts which 
we must have for any electric signal system are 
a source of current supply, a means of control, and 
a device to transform the electric energy into a 


signal. 
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Fig. 3. Two common dry cells such as used extensively in signal sys- 
tems. One is cut away to show terminal strip attached to the zinc. 


4. BATTERIES FOR CURRENT SUPPLY 


Dry cells are very commonly used to supply, cur- 
rent to ordinary door bell and cal! systems of,the 
“open circuit” type, where current is only required 
for occasional short intervals. Figure 3 shows two 
dry cells. You are already familiar with the care 
and operation of these cells from a previous lesson. 
When two or more cells are used they can be con- 
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and current requirements of the signal device. 
These connections were also covered in a previous 
lesson on Series and Parallel Circuits. Figure 4, 
however, shows two groups of three cells each, one 
group connected series, and the other parallel, 


Dry cells should not be used in closed circuit 
systems, except where the current requirements are 
exceedingly small. ` 


Primary cells of the “gravity” type or the “Edi- 


Signal Current 
nected series or parallel according to the voltage 
son” type are often used in closed circuit systems I 


SERIES - PARALLEL 
| Fig. 4. Sketch showing method of connecting groups of dry cells in 





series or parallel, to obtain proper voltage or 
current for various Signals. 


| because they will stand the continuous current re- 
quirements much better than dry cells. The opera- 
tions and care of these cells were also covered in a 
previous section, 


Storage batteries are often used in signal systems 
where the current requirements are quite heavy. 


Several complete lessons will be given on storage 
batteries later on in your course. d 


Dn 


5. MOTOR GENERATORS FOR SIGNAL 3 
SYSTEMS 


In very large signal systems Motor-Generator sets 
are often used to supply signal current. 


They consist of a motor operated from the usual 
110 or 220 volt current supply in a building, and 
driving a generator which supplies from 2 to 30 

ei volts D.C. to operate the signals. (See Figure 5) 
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Storage batteries are often used with motor 
generators, to supply current for short periods when 
the motor-generator might be shut down. 


Figure 6 shows a storage battery connected in 
parallel with a D.C. generator so that the generator, 
while operating, will keep the battery fully charged. 





3 
Fig. 5. Photo of low voltage motor generator set and switchboard, 
used for supplying energy to large signal systems. 


Then, when the generator is stopped for any reason, | 
the battery supplies the current to the signals. The 
generator should be disconnected from the battery 

when it is stopped, so the battery will not discharge 

through the generator winding. i 


6. BELL TRANSFORMERS 


Bell Transformers are very commonly used 
to supply current to ordinary door bell and 
simple call systems. These transformers operate 
from the 110 volt A.C. lighting circuits and reduce 
the voltage to that required for the signal bells 
or lamps. 

Figure 7 shows two common types of door bell 
transformers. 

A number of these transformers have three sec- 
ondary wires, or “leads,” giving 6, 8, or 14 volts 
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with different connections. Others give still higher 
voltages. Where higher voltage bells or lamps are 
used, or where the line is long, the higher voltage 
“leads” on the transformer should be used. 
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Fig. 6. Diagram of motor generator and storage battery connected 
together for dependable energy supply to large signal systems. 


In Figure 8 is shown a sketch of the windings 
and connections of a very common type of bell 
transformer, The primary winding “P” consists of 
about 1800 turns of No. 36 wire. The secondary 
winding consists of 235 turns of No. 26 wire, and 
has a “tap” or connection at the 100th turn. The 
core legs are about 34 in. x 34 in. in size and 2% 
in. long. 


Transformers can only be used where there is 
electric supply in the building, and only on A.C. 
They will not operate on direct current supply, 
and in fact, will “burn out” quickly if connected 
to a D.C. line. 


For special uses transformers are obtainable with 
taps and a switch to vary the voltage in a number 
of steps. One of this type is shown in Figure 9. 

Several other types are shown in Figure 10. 
Two of these, on the left, are mounted right on 
covers of “outlet boxes” for convenience in install- 
ing and attaching them to the lighting circuits, 
which are run in conduit, or protective iron piping. 
The other is built in a box with fuses. 


All of the various sources of current supply above 
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mentioned are low voltage devices, usually furnish- 
ing from 6 to 20 volts, as most bells and signal 
lamps are made to operate at these low voltages. 
Special bells are made, however, for 110 volt 
operation. But a low voltage bell should never 
be connected directly to a lighting circuit, as it 
will immediately burn out, and possibly blow the 
fuses or do other damage. 





Fig. 7. Two different types of low voltage bell transformers. These re- 
duce the voltage of an A. C. lighting circuit to low voltage 
- required for bell operation. 

Certain types of signal systems using relays can- 
not be operated satisfactorily with transformers, as 
they require the continuous pull of D. C. on the 
relay magnets. Batteries or motor generators are 
required for such systems. s 


7. CURRENT SUPPLY TROUBLES 


When signal systems fail to operate, the trouble 
can very often be traced to a weak or dead battery, 
burned out transformer, or blown fuse in the light- 
ing circuit to which the transformer primary is 
connected. Cells and batteries can be quickly and 
easily tested right at their terminals with a bell or 
buzzer, low reading voltmeter, or battery ammeter. 


A transformer can be tested with a bell, buzzer or 
low voltage test lamp for the secondary test, or a 
110 volt test lamp for the primary test. 


When “shooting” trouble on any defective signal 
system, you should never fail to check the source 


195 





"s E —— —— — — Hn RUE 
~N 


à 


Bell Transformers 


of current supply first of all, because very often 
the trouble is merely a dead battery or blown fuse. 


uo Vout A.C. 





Fig. 8. Sketch showing windings and connections of a bell transformer. 





| Fig. 9. Low voltage transformer with "taps" 
for obtaining various voltages. 


8. SIGNAL SWITCHES 


Now that we know something of the different 
sources of current supply for signal systems, let us 
consider the means of control or switches used. 
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Sectional view of a house showing the wiring for doorbells, burglar alarm and telephone. These are three of the most 
common signal conveniences in the home. 
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Signal Switches 


Referring again to Figure 2, the purpose of the 
switch, as we have already mentioned, is to close 
and open the circuit, and start or stop the current 
flow, thus causing the bell to ring when desired. 
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Fig. 10. Three types of bell transformers which are built in the covers 
of standard outlet boxes for conduit wiring. 


This type of switch is called a Push Button 
switch. Figure 11 shows the operating parts of 
such a switch with the cover removed, and also the 
assembled switch. The upper left part shows the 





Fig. 11. View showing parts of a push button switch; also completely 
assembled button below. 

contact springs, mounted on an insulating base of 

hard fibre. The short lower contact is called the 


stationary one, and the longer upper spring is called 
the movable contact. 





Signal Switches 


When assembled, the button, which is also of in- 
sulating material, rests on the large springs and is 
held in place by the cover, as shown in the lower 
part of the figure. The springs are so shaped that 
they normally remain separated from Lá in. to 4 
in, thus keeping the circuit open. But when the 
button is pressed it forces the movable spring down 
onto the stationary one, closing the circuit and al- 
lowing current to flow through the switch. 

This type of push button switch is called an Open 
Circuit Switch, because it is normally open. 

These switches are made for low voltages only, 
and should never be used for high voltage lighting 
circuits, or heavy currents, as they may arc and 
overheat badly. 





Fig. 12. Double circuit push button switch, showing clearly the ar- 
rangement of contacts and parts with respect to base and cover. 


When connecting such a switch in a circuit, one 
wire is attached to each of the screws which have 


the washers under their heads. This fastens one wire - 


to each switch contact. 


The two holes in the fibre base are for the wires 
to pass through, and the switch is held in place by 
the cover. The button is slipped in the hole in the 
cover before placing the cover on the switch. 


Some switches have metal covers that snap on, - 


while others have wood covers that screw on. In 
addition to this common open circuit switch, we 
have “closed circuit” and “double circuit” push but- 
ton switches. 

A Closed Circuit switch is one that has its 
contacts normally closed, and some current flowing 
through it all the time except when it is pressed 
open. 

9. DOUBLE CIRCUIT SWITCHES 


A Double Circuit switch is one that has both 
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a closed contact and on open contact, and when 
pressed it breaks the closed circuit and closes the 
open circuit, 

; In Figure 12 is shown a double circuit switch. 
This switch is used in certain types of signal and 
alarm systems, where we wish to open one circuit 
and close another at the same time. 

Referring to the figure, you will see that it has 
a large movable contact, and one open contact un- 


derneath, and also a closed contact above the 
movable spring. 

The top spring is called the closed contact be- 
cause it is normally touching the movable strip, 
keeping a circuit closed through them until the 
button is pressed. Then the movable spring leaves 
the top one and touches the bottom one, opening 
one circuit and closing the other. 








Fig. 13. Connections for a double circuit switch to operate a signal 
lamp and bell. 


Figure 13 shows a double contact switch in use 
in a signal circuit. Normally the lamp burns con- 
| tinually and the bell is silent until the switch is 
pressed. Then the lamp goes out and the bell 
rings. Trace the circuit to note carefully this 
operation, and notice the symbol used to represent 
the double circuit switch at “A”. 

It is quite important, in making a drawing of 
these switches, to have the top contact closed or 
touching the movable strip, and the bottom contact 
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or arrow should not be touching, in normal position. 
Also remember that in all these switches the 
movable part is a spring, so it. goes back to normal 
as soon as released. 
In Figure 14 is another type of double circuit 


switch, that has no cover, and is used for indoor 
work such as desk call systems. 





Fig. 14. Different type of double circuit switch, very convenient for 
code signally because of its ‘‘key-like’? construction. 


Because of the shape of its spring and button, 
it is very convenient to use as a signalling key for 
certain code calls. 

With either of the double contact buttons shown, 
we can remove the bottom contact or leave it un- 
used, and then this switch will serve as a closed 
circuit switch. 





Fig.:15. Two closed circuit switches connected with lamps for a return 
call signal. 


Figure 15 shows a sketch of two such switches 
used with two lamps, as a signal system for two 
parties to signal each other at a distance, by blink- 
ing the lamps. 2 

Such a circuit should use a transformer, storage 
battery or gravity battery, because the continual 
current flow through the lamps would soon exhaust 
a dry cell. 
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One definite advantage of such a closed circuit 
signal system is the fact that any failure or defect, 
due to a dead battery or broken wire, is more likely 
to be noticed at once, than it is with an open circuit 
system. This is often of great enough importance 
to more than make up for the slight extra current 
cost. 


10. DESK BLOCKS AND SPECIAL PUSH 
BUTTON SWITCHES 


For desk call systems a smaller push button 
switch is often required, so a number of them can 
be located in one small block or panel. 


Figure 17-A shows a desk block with five of these 
small buttons, and marker plates to indicate which 
call each button operates. Figure 17-B shows a 





Fig. 17-A. Push buttons arranged in a desk block for office signal 
systems. 


i 
Fig. 17-B. Ten small push buttons with indicator tags, on a panel that 
can be used for wall or desk mounting. 


metal panel assembly of 10 switches, such as quite 
commonly used in office call systems. 

In Figure 18 are shown several types of small 
push buttons that can be mounted in desk blocks, 
or in round holes drilled in a board or desk. 


For hospitals, and certain other uses, a very con- 
venient push button can be arranged on the end 
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of a fiexible wire, so it can be laid on the pillow, 
or moved around somewhat. A button of this type, 
and also ane to be clamped onto a bed or chair are 
shown in Figure 19. 





Fig. 18. Four different types of small push buttons for use in desk 
blocks or panels. 


11, BURGLAR ALARM SWITCHES. DOOR 
AND WINDOW SPRINGS 


In burglar alarm work we have special types 
of switches called “Window Springs” and “Door 
Springs.” Figure 20 shows three views of common 
types of window springs which are made to fit in 
the window casing. These switches can be ob- 
tained in either open circuit or closed circuit 
types. They are mounted in the window casing 
in such a manner that when the window is 
closed, its frame rubs on the projecting slide of 
the switch and holds the switch open, so the bell 
does not operate. When the window is opened and 
its frame slides off the switch, the spring closes 
the circuit and causes the bell to operate. Or the 
reverse operation takes place where open circuit 
switches are used. 

Figure 21 shows two door spring switches. The 
one at the left is a closed circuit switch, and the 
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one at the right is an open circuit type. 

These switches are installed in the door casing, 
so that when the door is closed it holds the button 
compressed, and when the door is opened, the spring 
pushes the button out and closes or opens the 
circuit as desired, causing alarm to operate. Win- 
dow and door springs can be obtained in both closed 
and open circuit types. 





Fig. 19. Two types of push buttons commonly used in hospitals. The 
one on the left for attachment to pillow cord; the one on the 
right to be clamped to bed rail or chair arm. 








Fig. 20. Three different views of open and closed circuit window springs 
used in burglar alarm systems. 


Two types of Door Trips are shown in Figure 
22. 'This type of switch is to be mounted above the 
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door so that as it opens, the top of the door will 
strike the suspended lever, causing the bell to 
operate momentarily. 





Fig. 21. Door springs of open circuit and closed circuit types to be 
mounted in door casings for burglar alarms. 





Fig. 22. Door trips to be mounted above a door, and ring a bell as the 
door is opened. 
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12. KEY OR LOCK SWITCHES 


In burglar alarm systems a lock switch is often 
used so the owner can turn the system on at night 
and off during the day, or enter the building with- 
out tripping the alarm if he desires. These switches 
can only be operated with a special key. Figure 23 
shows two switches of this type. 





Fig. 23. Burglar alarm lock switches, used to turn the system off during 
the day, or when the owner wishes to enter the 
building without sounding alarm. 


13. BURGLAR ALARM “TRAPS” 


Another type of switch, often called a burglar 
alarm “Trap” is shown in Figure 24. This switch is 
arranged to be operated by a string attached to the 
door, window, or device to be protected. 

Some of these “traps” will cause the alarm to 
operate if the lever is moved in either direction from 
the “set” position. 

If the string is pulled it moves the lever in one 
direction, making contact on that side. If the string 
is cut, it releases the lever and a spring moves it in 
the opposite direction, making a contact on that 
side. 


14. FLOOR SWITCHES 


Often it is desired to have a signal system that 
can be operated from a concealed floor switch, 
under a carpet or rug. A switch of this type is shown 
in Figure 25-A. Pressure on any part of this switch 
will close a circuit through it, and operate a bell or 
other signal. Figure 25-B shows a special burglar 
alarm matting which is equipped with wires and 
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contacts, to cause a bell to ring when the mat is 
stepped on. 





Fig. 24. Burglar alarm trap or switch to be operated by a string 
attached to door, window, or other object. 


15. THERMAL OR HEAT SWITCHES 


Another very interesting type of switch is the 
Thermostat type. One of these is shown in Figure 
26. This switch is caused to operate by changes 
in temperature, and makes use of the different rates 
of expansion of different materials when they are 
heated. In the type shown here a strip of brass and 
one of hard rubber or composition are riveted to- 
gether. When heated, the rubber or composition 
strip expands much faster than the brass, causing 
the whole strip to warp or bend downwards and 
close a circuit with the lower adjustable contact. 
When the strip is allowed to cool the contraction 
of the top strip causes the whole element to bend 
upwards again, and break the connection with the 
lower contact. If cooled beyond a certain point, 
it will bend upward still farther and close another 
circuit with the top adjustable contact. 


_These thermostatic switches are made in several 
different styles, and are used in fire alarm systems, 
or to indicate high or low temperature in ovens, 
refrigerators, storage rooms and various places, by 
operating a bell or signal when certain temperatures 
are reached. Some of their applications will be: 
more fully described later. 

So you see there are switches for almost every 
need in signal work, but all are simply devices to 
Open or clese a circuit. 

Switches for special alarm or signal needs can 
often be easily and quickly made from two or more 
strips of light spring brass mounted on a piece of 
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wood or other insulation, and bent to the proper 
shapes. 

A few other types of switches are shown in Figure 
27. Snap switches of the type used in lighting cir- 
cuits are sometimes used in signal circuits also. 





Fig. 25-A. Floor switch for use under carpets, near tables or desks. 


Fig. 25-B. Burglar alarm mat to be placed under door mats or rugs, 
to close a circuit when stepped upon. 





Fig. 26. Thermostatic switch which closes its contacts when heated, 
and is used in fire systems. 


\ 
16. SWITCH TROUBLES AND TESTS 


Some of the mysterious little troubles that cause 
failure of signal systems are often right at the 
switches, and nothing more than a loose connection, 
or dirty or burned contacts. Or possibly some small 
piece of insulating material such as a bit of string 
or fuzz frcm the wire insulation, or a bit*of.wood or 
sand, stuck to one of the contacts. A sure way to 
test any switch is to connect a dry cell and a buzzer, 
or low voltage lamp, directly across its terminals; 
and then press the switch a number of times. If it 
does not operate the lamp or buzzer every time it is 
pressed, its contacts should be thoroughly cleaned 
with sandpaper, knife, or fine file, and its terminals 
carefully tightened. Remember a very small ob- 
ject or amount of dirt offers enough resistance to 
prevent current flow in low voltage circuits. 
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We have seen many an “old timer” or electrician 
with considerable experience sweat and worry over 





Fig. 27. Several different types of switches used in signal work. The 
two above are called Lever Switches. In the center on the left is a 
Multiple Key Switch; at the right double circuit Lever Switch. 

Below are two Knife Blade Switches. 
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fig. 28. Two sketches of thermostatic switch, showing the strip in 
normal position in the upper view, and warped to close the contacts 
in the lower view. Note how the circuit is completed through the 
metal frame of this device. 
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something of this same nature. But with a knowl- 
edge of circuit principles, Ohms Law, and these 
simple definite tests, such troubles can be “corner- 
ed” and need not be so mysterious to the man with 
training. 


6. 


“J 


10. 





` EXAMINATION QUESTIONS 
Why are symbols used in wiring plans instead 
of actual pictures? 


What are the principle parts needed for an elec- 
tric signal system? 


What kind of primary cells would you select 
for use on a closed circuit system? 


What purpose does the bell transformer serve 
in door bell systems? 


What purpose does the switch serve in a signal 
system? 


Would you select an open or a closed circuit 
switch for use on a simple door bell circuit? 


Are the contacts in a closed circuit switch nor- 
mally open or closed? 


Describe a double contact switch. 
Name two uses for a thermostatic switch. 


What are the most common troubles which 
cause push button switches to fail? 
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7^ SIGNAL EQUIPMENT 


1, SIGNAL BELLS AND LAMPS 


The purpose of any signal or alarm system, is 
to call the attention of someone. To do this we can 
use either an “audible” or “visible” signal, or quite 
often a combination of both. By an audible signal, 
we mean one that creates sound loud enough to be 
heard by those whose, attention is desired. Bells, 
buzzers, and horns are used for this purpose. Visi- 
ble signals are those that are to attract the eye, 
such as lamps, or semaphores. The term “sema- 
phore" means a sort of moving flag or shutter. 

Visible signals as a rule can only be used where 
they are in front of, or in line with the vision of 
those whose attention is desired, and are most com- 
monly used where an operator or attendant is 
watching for them continually. 

Electric bells are very commonly used in all 
types of signal systems. 

Their construction and operation is quite simple 
and yet very interesting, and important to know. 


2. VIBRATING BELLS 


There are several different types of bells, but the 
Series Vibrating Bell is the most commonly used 
of any. Figure 1 shows a good view of such a bell 
with the cover removed, showing the coils and 
parts. 

. Examine this carefully and compare it with 
Figure 2, which is a sketch of the same type of 
bell, and shows the electrical circuit and operating 
principle clearly. Note how easy it is to recognize 
each part in the photo, from the simple symbols in 


the sketch, and how the sketch really shows some 
things more clearly than the actual photograph. 
"A" and "A" are the bell terminals to which the 
wires are fastened. "B" "B" are the cores and coils 
or electro-magnets, which attract or operate the 
armature "C". “D”  isaspring which supports 
the armature and also pulls it back every time the 
magnets release it. "E" is the end of the same 
spring, on which is mounted a piece of special alloy 
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metal, which serves as a contact to close a‘circuit 
with the adjustable screw contact “F”, These form 
the Make and Break Contacts, and are very neces- 





Fig. 1. "View showing common vibrating bell with cover removed. 
Note carefully the construction and arrangement of 
coils, armature, and contacts. 


sary. in the operation of the bell. “G” is the frame 
of the bell, "^H" is the hammer which is attached to 
the armature, and strikes the gong "I", when the 
magnets attract the armature. 

When a battery is connected to terminals “A”, 
“A”, current at once starts to flow through the bell. 
If the positive battery wire was attached to the 
left terminal, current would flow up through the 
armature, which, of course, is insulated from the 
frame, then through the “make and break” con- 
tacts, through the coils and back to the right hand 
terminal and the battery. As soon as current flows 
through the coils, the magnets attract the armature, 
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causing the hammer to strike the gong, and also 
opening the “make and break” contacts. This stops 
the flow of current, demagnetizing the coils and 
releasing the armature. As soon as the armature 
falls back and closes the contacts, the magnets pull 





Fig. 2. Sketch showing electrical circuit and connections of common 
vibrating bell. Observe very carefully the parts of this 
diagram, and the explanation given. 


it away again. This is repeated rapidly as long as 
current is supplied to the bell; thus it is called - 
a Vibrating Bell. 


3. BELL TROUBLES 


Most of.these bells have their coils wound for 
6 to 10 volts, and should not be operated on much 
higher voltage or the coils will overheat and burn 
their insulation off, which destroys them. 

Most vibrating bells are made for short periods 
of operation only, and should not be allowed to 
operate continuously for long periods, or the arc 
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at the contacts will heat and burn them. If these 
contacts become badly burned or dirty, they should 
be cleaned and brightened with a thin file. When 





Fig. 3. Heavy duty bell frame and parts. Note the extra heavy 
carbon contacts for making and breaking the circuit at “a.” 


a vibrating bell refuses to operate the trouble can 
usually be found at the contacts, or a loose termi- 
nal nut, or poorly adjusted armature spring. 

When the contacts are worn out, they can be re- 
placed on the more expensive bells, but on the 
cheaper bells it is difficult to remove them and the 
bells can be discarded more economically, because 
of their very low cost. 


In the more expensive bells, the contact points 
are faced with platinum, silver or special alloys 
that resist corrosion and burning, as even a very 
small amount of burned metal or dirt in these con- 
tacts will prevent the operation of the bell. 

In some vibrating bells both terminals are 
insulated from the frame by little fibre sleeves and 
washers, and must be kept so. 

If this insulation becomes defective the current 
is shorted through the frame and the bell will not 
operate. Other bells have only one terminal insu- 
lated, and the other is intentionally grounded to the 
frame, passing the current through the frame to 
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the armature, which in this case is also grounded 
to the bell frame. 

Sometimes the hammer of a bell becomes bent so 
it will not touoh the gong, or rests too tightly 
against it, stopping the proper operation of the bell. 





Fig. 4. Ruggedly constructed heavy duty bell. Bells of this type are 
often wound for 110-volt operation, and used where 
a very loud signal is desired. 


A good understanding of the parts and operation 
of these bells will enable anyone with a little 
mechanical ability, to easily locate and repair their 
most common troubles. 4 

In Figure 4 is shown one of the larger types 
of vibrating bells which are often wound for 110 
volt operation. 
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Series vibrating bells will operate on either D. C. 
‘or A. C. as it does not matter which way current 
flows through them; the magnets will attract the 
armature just the same. For this same reason, it 
makes no difference which way a battery is con- 
nected to these bells, as far as polarity is concerned. 


4. SINGLE STROKE BELLS 


Sometimes it is desired to have a bell that will 
give single taps each time the button is pressed, 
instead of a continuous vibration. 

Such a bell is called a Single Stroke Bell. Figure 
5 shows a sketch of a bell of this type. The only 





Fig. 5. Circuit diagram of a single stroke bell. Note that it does not 
ave "make and break" contacts. 


difference between tliis and a vibrating bell is that 
it has no make and break contacts, and therefore 
cannot vibrate. Each time the button is pressed 
and current supplied to this bell, its hammer strikes 
one tap of the gong. As long as the switch is kept 
closed the magnets hold the hammer quietly against 
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the gong, after the first tap. When the switch is 
opened the hammer drops back ready for the next 
stroke. 

These bells are very good for code calling, where 
a certain number of distinct strokes are used for 
each different call. They should be operated on 
D. C., as alternating current will cause the hammer 
to chatter slightly. This is due to the regular 
variations in value of alternating current. 





Fig. 6. Connections for a combination bell to be used either single 
stroke or vibrating. Trace this circuit carefully. 


5. COMBINATION BELLS 


There are also combination bells which are 
arranged to be used either vibrating or single stroke. 
Figure 6 shows a sketch of such a bell con- . 
nected to a battery and two switches, to be operated 
either as a single stroke or vibrating bell as desired. 
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If button “A” is pressed, the current will flow 
directly through the coils without having to pass 
through the make and break contacts at "C", and 
the bell will operate single stroke. The arrows show 








Fig. 7. Sketch showing method of attaching an extra wire to the 
Stationary contact to convert an ordinary vibrating bell for 
single stroke or combination operation. 
the path of current flow, during single stroke opera- 
tion. If button "B" is pressed the current will flow 
through the armature and make and break contacts, 
and then to the coils, and the bell will vibrate be- 
cause the magnets can now break the circuit rapidly 

as they pull the contacts apart at "C". 

In emergencies or when a combination bell of this 
type cannot be obtained conveniently, you can 
easily convert an ordinary vibrating bell to single 
stroke or combination operation, by attaching an 
extra wire to the stationary contact of the breaker. 
See Figure 7, and the extra wire "A". 

There are several other types of bells that are 
slightly different from the series vibrating type 
with principles: very similar, but they are little 
used and can be easily understood with a little close 
observation and a knowledge of general principles 
covered here. 
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Another type of bell used extensively in tele- 
phone work, and operated on alternating current, 
will be taken up in a later section. 





Fig. 8. Common office type buzzer, very similar to a vibrating bell, 
except that it has no hammer ar gong. 





Fig. 9. Sketch showing coils and circuit of a buzzer of the type shown 
in Fig. 8. 


6. SIGNAL BUZZERS 


In certain places such as hospitals and offices 
where noise is undesirable, a bell is too loud, and 
some device to give a softer note is needed. 
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For this purpose we have buzzers. These buzzers 
are almost exactly the same in construction and 
operation as the bells, except that the hammer and 
gong are left off entirely. The vibration of the 
smaller and lighter armature makes a sort of low 
buzzing sound which is sufficient to attract the at- 
tention of anyone near it. Figure 8 shows a com- 
mon type of office buzzer enclosed in its metal case, 
and Figure 9 shows a sketch of the electrical cir- 
cuit and parts of this buzzer. Buzzers can be ob- 
tained in different sizes, and some have an adjust- 
ment screw on them to change the tone and volume 
of sound. Figure 10 shows four buzzers of different 
sizes. 


7. “MUFFLING” OF BELLS 


Sometimes when a buzzer is not available it is 
desirable to partly silence a bell, without putting 
it out of service entirely. This can be done by 
plugging the back of the gong with paper, or by 
removing the hammer ball, or bending it back so 
it does not strike the gong. 


8& CARE AND TESTS OF BELLS AND 
BUZZERS 


When any bell or buzzer fails to operate, a quick 
test to find out whether the trouble is in the bell 
or some other part of the circuit, can be made by 
connecting a cell or battery of proper voltage 
directly to the bell terminals; 

If the bell does not operate then, be sure its 
terminals are tight, and its armature free to move. 
Clean the make and break contacts carefully with 
a thin file, or fine sand paper, and you will probably 
cure the trouble. If it still does not operate, 
examine the coils and the wires leading to them 


and, if necessary, test the coils as explained 
b . 


Usually,, however, the trouble 
will be found at the contacts, loose terminals, or 
armature adjustment. 


9. SILENT SIGNALS 


In some places an entirely silent signal is desired, 
and a visual indication is used instead of a bell or 
buzzer. 
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For this purpose we have low voltage signal 
lamps of various types. These can be obtained in 
voltages from two to twenty, and with colored 
bulbs, in white, red, blue, green, amber, etc. The 
different colors can be used to indicate different 
signals or to call different parties. 





Ne 


Fig. 10. Four office buzzers of different sizes. Each size gives a signal 
of a different tone and volume. 


Some of these lamps can:be obtained with minia- 
ture threaded bases, to screw into small porcelain 
sockets, and can be conveniently located most any- 
where desired. Others are made in special sizes 
and types, such as those used in telephone switch- 
boards, etc. 





Fig. 11. Several types of low voltage lamps which can be used for 
signal circuits. 


When regular signal lamps are not available, 
automobile lamps and flashlight lamps can often be 
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used to good advantage. 

In many cases both a lamp and bell are used, 
or a lamp in the daytime, and a bell at night to 
arouse a sleeping person. : 


Danger signals often use both a red lamp and a 
bell. Railway crossing alarms are good examples 
of this. 

Lamps of proper size and voltage rating can 
often be connected in parallel with a bell as in 
Figure 13A, or in series as in Figure 13B. 

Fig. 14 shows a circuit which enables the caller 
to use either the lamp or bell as desired. 





Fig. 12. Panel and cord for silent hospital signal. The lamp is 
located behind the glass "bulls-eye" at the left. 


10 MAGNETIC DOOR OPENERS 


A device qtfite commonly used in connection with 
door bells is a Magnetic Door Opener, shown in 
Figure 15. These devices will unlock the door by 
use of magnets, when a button inside is pressed. 
They are particularly popular and useful in apart- 
ment buildings where the door bell may call some- 
one several floors above. Such buildings usually 
have speaking tubes or telephones in connection 
with the door bells,*and after the bell is rung and 
the party in the house finds out who is calling, they 
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can unlock the door if they wish to by merely press- 
ing a button in their apartment. Thus they are a 
great convenience and time saver. Figure 16 shows 
a sketch of a magnetic door lock in connection with 
a door bell system. Note how the same battery and 
the center wire are used for both circuits. Many 
worth while economies can be effected in wiring 
signal systems, by such simple combinations of 
circuits. A number of these will be shown a little 
later in this section. 


RELAYS 


A RELAY IS A MAGNETICALLY OPERAT- 
ED SWITCH that can be used to: 

1. Control circuits distant from the operating 

point. 

2. Control a relatively high voltage or high wat- 
age circuit by means of a low power, low volt- 
age circuit. 

3. Obtain a variety of control operations not pos- 
sible with ordinary switches. 

Whether the circuits controlled will be closed or 
opened when the relay coil is energized will depend 
upon the arrangement and connection of the relay 
contacts. 
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ACTION 


When current flows through the relay coil, it 
magnetizes the iron core with a polarity that de- 
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pends upon the connection of the coil to the source. 
This pole induces in the iron section of the movable 
assembly a pole of opposite sign, and the attraction 
between these operates the relay switch. If the 
. C* NoRMALLY CLOSED CONTACT. 

Oo: . OPEN " 

M*MoviNG CONTACT. 

\= MAGNET COIL WITH TERMINALS CT. 

2= SPRING. 
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current through the coil is reversed, both poles are 
reversed; therefore attraction always occurs. From 
above it is obvious that relays can be designed to 
operate on either direct or alternating current. 

It is important to note that while relays may 
e. vary widely in mechanical construction, they all 
operate on the same principle. The sketches on this 
sheet show some of the differences in design. 
TESTING 


Before any attempt is made to connect a relay in 
a circuit: 

1. Make a sketch, of the terminal locations 

2. Test and identify all terminals 

3. Make sure the relay is operating. 

Using an ordinary test lamp circuit, first find the 
pair of terminals that, when the test leads are placed 
on them, causes the relay to operate. These are the 
coil terminals. Identify them on the terminal sketch 
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with the symbols CT. Next locate by test, inspec- 
tion, or both, the open, moving, and closed contact 
terminals. Mark them on the terminal sketch with 
the symbols O, M, and C respectively. 





_ Dixie Reay. 
After the terminals have been identified, check - 


the operation. The relay should pull the movable 
section up as soon as the coil is energized, and drap 
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it out as soon as the coil is deenergized. The moving Á 
section should not touch the core, and the tension 
on the spring should not be too low or too high. 
The relay switch contacts must be clean. 

Connecting a relay in a circuit without first 
making the above tests is, in the general case, an 
inefficient and time wasting procedure. 


RELAY CIRCUITS 


Diagram A shows an application in which a relay 
and a low voltage control circuit are used to operate 
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a circuit carrying more power at a higher voltage. 

To wire this circuit: : 

l. Make a note of the apparatus required. 2 open 
circuit switches; 1 relay; 1 lamp; 2 batteries. 

2. Test all apparatus involved and select and use 
only that equipment that is in operating con- 
dition. 

3. Wire each circuit one step at a time, and check 
each step before wiring the next. 

4. Trace the circuits according to the method 
previously outlined. 





Diagram B shows a relay application similar to 
that indicated in A. In this case, however, the con- 
trol circuit is normally closed, whereas in A the con- 
trol circuit is normally open. The switches used 
are the closed circuit type. Note also that in diagram 
A the open contact of the relay switch is used in 
the power circuit, but that in B the closed contact 
is employed. The list of apparatus for this circuit 
will therefore be somewhat different than in the 
previous case. The procedure for wiring will be the 
same as before. O 
i C 








POWER 


CONTROL CIRCUIT. M circuit. 


B 


CONTROL CIRCUIT. 


POWER CIRCUIT. 





Diagram C shows relay applications in which a 
type of control not obtainable with ordinary switches 
is achieved. When switch 1 or 2 is pressed the relay 
switch closes the indicating circuit and the lamp 
lights and remains alight until switch 3 is pressed, 
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when the relay is energized and stays that way 
until some other switch is operated. 










FIRST STEP CONTROL CIRCUIT. 
SECOND STEP —-—- |ALARM CIRCUIT. 
THIRO STEP --------- HOLDING CIRCUIT. 


Wire the circuit in 3 steps and test each before 
going on to the next. The first step is shown in 
solid lines, the second in dashed lines, and the third 
in dotted lines. 








FIRST STEP CONTROL CIRCUIT. 
SECONO STEP-—-— |ALARM CIRCUIT. 
THIRD STEP ------- MOLOING CIRCUIT. 





Diagram D shows another relay being used to 
obtain a special type of control. Switches 1, 2, or 3 
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energize the relay and close the bell circuit through 
the relay switch. The bell rings continuously until 
switch 4 is pressed to reset the relay. 











Fig. 13A. Signal lamp connected in parallel with a bell so they both 
t operate at once. 
Fig. 13B. Signal lamps can also be connected in series with bells if 
they are of the nroper resistance. 


11, DROP RELAYS FOR CONSTANT 
RINGING SIGNALS 


In certain alarm and signal systems it is often 
an advantage to have the bell continue to ring until 
it is shut off by the person it is to call. For example . 
a burglar alarm in order to give a sure warning, 
should not stop ringing if the burglar stepped in 
through the window and then closed it quickly. To 
provide continuous ringing of a bell once the switch 
is closed, we use a devite called a drop relay. 
Figure 17 shows one of these devices, and Figure 
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18 shows a sketch of the connections of a drop 


relay with a bell, hattery, and switch, ready to 
operate, Trace each part of this circuit and examine 





Fig. 14. Connections for operating either a bell call or silent lamp 
signal, as desired. 





Fig. 15. Magnetic door opener, used to unlock doors in apartment 
houses or buildings from a distance, by the use of a push 
button and low voltage circuit. 


the parts of the device carefully, and its operation 
will be easily understood. 

When the switch is closed, current first flows 
through the circuit as shown by the small arrows, 
causing the coils to become magnetized and attract 
the armature. This releases the contact spring 
which flies up and closes the circuit with the sta- 


tionary contact to the bell. Before being tripped, 
the contact spring is held down by a hook on the 
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armature, which projects through a slot in the 
spring. The button “B” extends through the cover 
of the relay, and is used to push the contact spring 
back in place, or reset it, and stop the bell ringing. 





Fig. 16. Sketch showing connections for a door bell and magnetic 
; door opener. 

In tracing the bell operating circuit shown by 

the large black arrows, we find the current flows 

through the frame of the device from “C” to “D.” 





Fig. 17. Common type of drop-relay to provide constant ringing in 
alarm or signal circuits. 
The marks or little group of tapered lines at “C” 
and “D” are symbols for Ground connections. 
From this we see that a ground connection as used 
in eiectrical work does not always have to be to 
the earth. But instead a wire can be Grounded 
to the metal frame of any electrical device, allowing 
the current to flow through the frame, saving one 
or more pieces of wire and simplifving connections 
in many cases. It is a very common practice in low 
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voltage systems, and extensively used in telephone 
and automobile wiring. So remember what that 
symbol means whenever you see it from now on. 
Another type of drop relay is shown in Figure 19, 
and its circuit and connections with a bell and 
battery are shown in Fig. 20. 





Fig. 18. Sketch showing complete circuit and connection of drop-relay 
of the type shown in Fig. 17. Examine this sketch and 
trace the circuit very carefully. 


This relay is a little different in construction 
than the one in Figure 17, but it performs the same 
function of causing the bell to ring constantly when 
the relay is tripped. Trace this circuit carefully and 
compare the terminals "C," "D" and "E" with their 
position on the relay in Figure 19, and this will 
show you how to properly connect the device in 
a circuit. 


Drop relays are used very extensively in burglar 
alarms, and also in other forms of signals. Some 
special bells are made with an extra release spring 
and switch to make them ring constantly until re- 
set. This is a sort of drop relay built right into the 
bell. 
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12. RELAYS 


In your last lesson it was mentioned that a 
closed circuit system is much more reliable than 
an open circuit system, because any fault such as 
a broken wire or dead battery would make itself 
known at once by causing the signal to operate. So 
closed circuit systems are much better for burglar 
alarms, fire alarms, etc., where it is very important 
not to have a fault in the system go unnoticed until 
just when the signal is most needed. 





Fig. 19. Another type of drop-relay of slightly different construction, 
but also providing constant ringing. 


We cannot, of course, connect a bell directly in 
a closed circuit, or it would ring continually. So 
we have an interesting device which can be con- 
nected in the closed circuit, using very little cur- 
rent, and making no noise until its circuit is dis- 
turbed. Then it immediately gets busy and closes 
a second circuit to the bell, causing it to ring. 

This device is called a Relay. Its name gives 
a good idea of its function. When it receives an 
impulse or has its current interrupted, it passes on 
an impulse of current to a bell or other device, 
similar to the man in a relay race who passes his 
stick to the next man to carry on. 

A relay is in reality a Magnetically Operated 
Switch. Figure 21 shows a common type óf Pony 
Relay, which is used extensively in alarm, signal, 
and telegraph work. 
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Examine this relay very closely. You will note 
the Coils or electro magnets, which are to attract 
the Armature or movable part of the switch. The 
armature is the vertical metal piece set in pivot 
hinges at the left end of the magnets. Then there 
is a coil spring attached to it and having its other 








Fig. 20. This sketch shows the method of connecting a drop-relay such 
as shown in Fig. 19 to-a bell battery and push button / 
for constant ringing signals. 

end fastened to an adjusting screw to vary the 
spring tension on the armature. This spring is to 
pull the armature back each time the magnets re- 
lease it. The large piece of brass with the curved 
arch above the armature is called the Bridge, and 
supports two adjustable bridge contacts. These 
screw contacts have hollow tips, in which we can 
place plugs of metal, hard rubber, or wood, ac- 
cording to which contact we wish to use in the 
circuit. Note that the armature tip also has small 
points of good contact metal on each side where 
it touches the bridge contacts. 


13. RELAY TERMINALS AND 
CONNECTIONS 


The two connection posts or terminals on the 
right end of the base in Fig. 21 connect to the coils. 
And oí the two on the upper left corner, the right- 
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hand one nearest the armature is connected to the 
armature, and the left one connects to the bridge. 
These connections are made under the relay base. 
It is very important to remember which of these 
terminals are for the coils, armature, and bridge. 





Fig. 21. Common Pony Relay such as used in burglar alarm and 
telegraph systems. Examine the construction and parts, 
and compare with description given. 

Figure 22 is a sketch of this relay showing its 
electrical parts and circuits from the opposite side 
to the one shown in Figure 21. Compare this very 
closely with the picture in Figure 21, and locate 
the coifs, armature, bridge, contacts, and terminals, 
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Fig. 22. Diagram showing the arrangement of the electrical circuits 
and terminals of a Pony Relay. 


so you know the location of each and the operating 
principle of the relay. Figure 23 shows another 
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relay of slightly different construction but same 
general principle as Figure 21. 





Fig. 23. Another type of Pony Relay similar to the one in Fig. 21, but 
of slightly different mechanical construction. 


14. OPEN, CLOSED, AND DOUBLE 
CIRCUIT RELAYS 


Relays can be used in several different ways in 
cirguits, and according to their use they are called 
Open Circuit, Closed Circuit, and Double Circuit 
Relays. 






CIRCUIT CLOSED CIRCUIT 
BRIDGE RELAY BRIDGE 


insuarine—~” |» 
LERE 


DOUBLE CIRCUIT 
r RELAY | BRIDGE 


Fig. 24. This sketch shows in detail the manner of arranging and 
insulaing relay bridges for open circuit, closed circuit, 
and double circuit operation. 


To use a relay as an open circuit device, we place 
the metal tipped bridge contact screw on the left 
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side of the bridge arch, and the insulated contact 
on the right, or the side away from the coils, as 
in Fig. 24A. 


For closed circuit operation we reverse them. 
For double circuit use we fit both bridge screws 
with metal tips, but remove one screw and insulate 
it from the bridge arch, by enlarging the hole and ' 
fitting it with an insulating sleeve, then replacing 
the screw in this sleeve. Then we attach an extra 
wire to this screw for the extra circuit. See Figs. 
24A, B, and C. With a drill to enlarge the hole in 
the bridge, and piece of fibre or hard rubber, or 
even hard wood, for the insulating sleeve, any 
ordinary pony relay can be easily changed to a 
double circuit relay in this manner in a few minutes, 
This is a very important thing to remember, be- 
cause some time you may not be able to get a 
double circuit relay, and it may be very handy to 
know how to change over a single.circuit relay in 
this manner. 





Fig. 25. Connections for a closed circuit relay used to operate a bell 
in a simple burglar alarm system. 


15. RELAYS USED IN BURGLAR ALARMS 

Figure 25 shows a closed circuit relay connected 
up for operating a simple closed circuit burglar 
alarm. Here we have used just the symbol for 
the relay insteád of a complete sketch. Ncte what 
a time saver this symbol is, and practice making 
a sketch of it until you are sure you can make it 
any time, when laying out a plan for a system using 
relays. 
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Trace out the circuit in Figure 25 until you un- 
derstand its operation thoroughly. Note that cur- 
rent will normally be flowing all the timé in the 
closed circuit "A". For this reason most relays of 
this type have high.resistance coils, wound with 
many turns of very fine wire, so they will not use 
much current from the battery. Many of these 
common relays have coils of 75 ohms, and they can 
be obtained with higher or lower resistance for 
various uses. Recalling the use of Ohms law for- 
mula, we find that if a 75 ohm relay is used in a | 
circuit with a 3 volt battery, only .04 ampere will 
flow. Orac E+ R =I, then 3 + 75 = 04. 

Many relays are made so sensitive and with such 
high resistance coils, that .001 ampere or less will 
operate them. But even with the small current 
flow of .04 ampere, it will be best to use a gravity 
cell, Edison cell, or storage battery, for the closed 
circuit *A", so the continuous current flow will not 
exhaust the battery too quickly. 

As long as this system is not disturbed, the cur- 
rent flowing in the closed circuit “A” and through 
the relay coils, will hold the armature away from 
the bridge contact, and the bell will remain silent. 

But if a burglar disturbs the window or door to 
which the closed circuit switch “C” is attached, 
this will open the circuit and stop the current 
through the relay coils, and they will release the 
armature. Its spring will pull it against the bridge 
contact and close the circuit to the bell giving the 
alarm. 


16. PROPER LOCATIONS OF PARTS FOR 
DEPENDABLE CLOSED CIRCUIT 
SYSTEMS 


In installing such a system, the relay, bell, and 
batteries would usually all be grouped close to- 
gether, possiblv all on one shelf, so the wires be- 
tween them and in circuit "B," would be short and 
have little chance of being damaged. The wires 
of circuit "A" would be the long ones running 
through the building to the part to be protected. 

If these wires should be cut or damaged, or this 
battery go dead, the relay would immediately cause 
the bell to operate, calling attention to the fault. 
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While with an open circuit system the wire could 
be cut, or the battery dead, and the system out 
of order, without any one knowing it, and thus fail 
to operate when needed the most. 

The battery in circuit "B" is not likely to go 
dead so often, as there is very seldom any current 
required from it. But it should be tested occa- 
sionally to make sure it is in good condition. Any 
important alarm system should be tested daily, or 
every evening, before being switched on for the 
night. 

In Figure 25, in the relay symbol, we only show 
the one bridge contact which is in use. 

When we desire to operate a bell or signal 
sounder at a considerable distance, an open circuit 
relay can be used to good advantage to save send- 
ing the heavier current required by the bell over 
the long line. 

If we were to send the heavy current over the 
long line, it would cause considerable voltage drop 
and we would have to use larger, more expensive 
wires, or higher voltage supply. But the relay cur- 
rent being very small can be sent over the line 
more economically, and the relay will act as a 
switch at the far end of the line, to close a Local 
circuit to the bell. See Figure 26. 

This circuit uses an open circuit relay, and the 
bridge contact on the side opposite to the one used 
in Figure 25. This method of using a relay to 
operate on a feeble impulse of current, and close 
a circuit to a larger device requiring more current, 
is one of their most common applications. 


17. USE OF RELAYS IN TELEGRAPH 
SYSTEMS. GROUND CIRCUITS 


Figure 27 shows two relays at opposite ends of 
a line, and operating Sounders in local circuits, in 
a simple telegraph system. The primary circuit 
includes two line batteries, two key switches, and 
two high resistance relay coils. The secondary cir- 
cuits each consist of a local battery and sounder, 
and include the relay armature and bridge contacts 
. as their switches. You will note that only one line 
wire is used in the primary circuit, and the earth 
is used for the other side of the circuit, by ground- 
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ing the batteries at each end as shown. This saves 
considerable expense in line wire, and is quite com- 
monly done in telegraph, telephone, and certain 
classes of signal work. 








Fig. 26. Connection diagram for an open circuit relay used to operate a 
bell at a considerable distance from the push button. 


If the ground connections are well made of buried 
metal plates, or rods driven deep into moist soil, 
the resistance of the earth is low enough so the 
losses are not very high with such small currents. 

Such ground circuits are not used to transmit 
electric power in large amounts, however. 





Fig. 27. Sketch of simple telegraph system showing line and ground 
circuit for the relays and keys, and local battery 
circuits for the sounders. 


Both of the telegraph keys in this system have 
extra switches that are normally kept closed when 
the keys are idle. This allows a very small amount 
of current to flow through the line and relay coils 
continually, when.the system is not in use. 
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This keeps the relays energized, and the local 
sounder circuits closed also, through the relay 
armatures and bridges. This may seem like a waste 
of current, but the batteries, being of the closed 
circuit type, stand this current drain wery well and 
do not cost much to renew when exhausted. 


When an operator wishes to send a message, 
he opens the auxiliary switch on his key, thus 
opening all circuits. Then each tap of his key 
sends a feeble impulse or very small current over 

' the line, causing the relays to operate and give 
similar impulses, but of much heavier current, to 
the sounders from their own local batteries. 


'The operator at the other end of course hears 
the signals from his sounder. When the sending 
operator finishes, he closes his key switch, and waits 
for an answer. Then the other operator opens his 
switch and uses his key to signal back. Sometimes 
a number of such relays at various stations are all 
connected to one line, so they all operate at once, 
when any key is used. 


Figure 28 shows a double circuit relay. In this 
system, as long as the switch "A" is closed the 
relay armature is attracted and closes a circuit 
through the lamp, showing that the circuit is in 
normal condition, But when switch “A” is opened 
the relay armature is released, allowing the lamp 
to go out and causing the bell to ring. 


These double circuit relays have many uses, some 
of which will be shown a little later. 


18. RELAY TERMINAL TEST 


If you are ever in doubt as to the correct termi- 
nals on a relay, a quick test with a dry cell and 
two test wires will soon locate the coil terminals. 
When the cell is connected to the coil wires the 
armature will snap over toward the magnets. Con- 
necting a cell and buzzer or small low voltage test 
lamp, to the armature and bridge terminals, and 
then moving the armature back and forth by hand, 
will soon show which terminal connects to the 
closed bridge contact and which to tlie open one. 
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19, ADJUSTMENT AND CARE OF RELAYS 


Relays require careful adjustment to secure good 
operation..The pivot screws suppcrting the arma- 
ture and acting as its hinges, should be tight enough 
to prevent excessive side play of the armature, but 
not too tight or they will interfere with its free 
movement. By turning one of these screws in, and 
the other one out, the contact points on.the arma- 
ture can be properly lined up with the bridge con- 
tacts. The bridge contacts should be adjusted to 
act also as stops for the armature. The contact 
on the magnet side should be adjusted to allow 
the armature to come very close to the core ends, 
to reduce the air gap and strengthen the pull as 
much as possible. It should not, however, allow 
the armature to touch either core end, or it is likely 
to stick, due to slight residual magnetism, even 








Fig. 28. Diagram and connections for a double circuit relay to operate 
a lamp when the system is undisturbed, and to ring a bell 

, when the closed circuit is molested in any way. 
after the coil current is turned off. Some relays: 
have thin brass or copper caps over the iron core e 
ends of the magnets, to prevent any possibility of 
this sticking. The contact on the side away from 
the magnets should be adjusted to allow the arma- 
ture just enough swing to effectively break the 
circuit at the other contact; but not too far, or it 
will be very hard for the magnets to pull it back, 
due to the increased air gap between the armature 
and cores. 
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This would require more current to operate the 
relay. Usually the gap or travel of the armature 
contacts should be from 1/32 in. for breaking cir- 
cuits at very low voltage and small cutrent, to 4 
in. or X6 in. for slightly higher voltages and heavier 





Fig. 29. Two additional types of relays used in various classes of 
signal circuits. 


currents; as these have a tendency to arc more, 
when the circuit is opened and the points must 
separate farther to extinguish the arc quickly. 

The armature spring should be adjusted just 
tight enough to pull the armature away from the 
magnets quickly when it is released, but not too 
tight, or the magnet will not be able to pull up the 
armature. s 

The contacts on both the armature and bridge 
should be kept clean and occasionally polished with 
a thin file or fine sandpaper, as the slight arcing 
often burns and blackens them, greatly increasing 
their resistançe. 

When contacts become too badly burned or dam- 
aged to repair, they can easily be replaced with 
new ones, obtained from the relay manufacturers. 
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Dust and dirt should be kept off from all parts, 
and all terminal nuts should be kept tight. Cores 
of magnets should be kept tight on keeper bar 
support. 

Occasionally, but not often, a relay coil may be- 
come open, grounded, or shorted, or completely 
burned out. Simple tests as given in lesson num- 
ber six on electro-magnets will locate any such 
fault. In addition to these pony relays, there are 
numerous other types used in telephones, railway 
signals, power plants, etc. Some of these differ in 
mechanical construction and shape, from the ones 
just described, but their general purpose and prin- 
ciple are very much the same. So if you have a 
good understanding of the relays in this section and 
always remember that any relay is simply a mag- 
netically operated switch, you should be able to 
easily understand most any type. 

Millions of relays are in use in plants throughout 
the country and every trained electrical man should 
be able to intelligently connect, test and maintain 
these important devices as they are used to control 
many electrical systems and machines. 
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EXAMINATION QUESTIONS 


What is the difference between a single struke 
bell and a vibrating bell? 


What is a relay? 


For what purpose is a Drop Relay used? 


Draw a diagram showing a double circuit re- 
lay connected so as to make a damp burn when 
the circuit is undisturbed, and:so that it will 
cause a bell to ring when the relay coil circuit 
is molested, 


How are relays classed according to their use? 


What name has been given the movable part of 
a relay? 


What name has been given to‘the curved arch 
above the movable part of the relay? 


Will a series vibrating bell operate on alternat- 
ing current? 


Which gives a softer tone a buzzer or a bell? 


What device would you select to give a silent 


signal? 
K 
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SIGNAL SYSTEMS 


From our study of the electric signals we now 
know there are three important and necessary 
factors in the successful operation of any type of 
signal system. These are: 


1. Source of current supply or power. 
Some means’ of controlling this current sup- 
ply or power. 
3. Some type of equipment for converting the 
electrical energy into a signal. 
The power, or current supply, can be obtained 
either from a battery or from the line which sup- 
plies the regular power for lights, motors, etc. 


The control may be one of any of several types. 


of switches, relays, etc. 


The necessary equipment for converting the en- 
ergy into an audible signal may be any device such 
as a bell, buzzer, or horn; or it may be a device 
that converts the electrical energy into a visible 
signal, such as light from a lamp. 

In addition to using a visible electric light sig- 
nal, we have another very important and widely 
used piece of equipment for furnishing visible sig- 
nals, which has the advantage of indicating just 
where the signals originate or come from. 

Such a visible signal device is known as an AN- 
NUNCIATOR and is widely used in such places 
as hotels, offices, elevators, on trains, etc. 

When we are in a large building and wish to 
make use of the elevator to transport us from one 
floor to another, we simply push a button switch 
at the elevator entrance, and the signal immedi- 
ately flashes to the operator in the elevator. This 
signal then registers on an annunciator which 
shows the operator that someone desires to use the 
elevator and it also shows the operator on which 
floor you are located. 
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Or, when riding in a pullman car we may wish 
to summon the porter, in which case we simply 
push a button switch and again an annunciator, 
located in the porter’s quarters, shows him which 
passenger desires service. We could go on and on 
describing many other different uses for the an- 
nunciator and visible signal equipment, but of more 
importance is the operating principle of equipment 
of this type, its adjustment, repair, and servicing. 





Fig. 1. A six-point annunciator with the reset arm shown 
extending through the bottom of the case. 


1. ANNUNCIATOR PRINCIPLES 


Annunciators. consist of an electro magnet which 
when energized will cause indicating numbers to 
drop into view. Figure 1 shows a 6 point annun- 
ciator on which numbers 1 and 6 have been dropped 
into view showing that circuits 1 and 6 have been 
molested. 


Fig. No. 2 shows the electrical circuit of a 4 point 
annunciator. Here for example, we have four 
switches that may be used, for office calls, burglar 
alarms. or hotel room calls. When any one of the 
switches is closed, current will flow through the 
respective annunciator magnet and on through the 
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bell. When a magnet is energized the armature is 
attracted, allowing the weighted end of the arrow 
to fall off the catch, and the arrow to fly up, as on 
magnet 3. 














Fig. 2. Circuit diagram of the ccnnections for a four-drop annunciator. 
Note that the drop number 3 has been operated. 


Figure 3 shows one of the magnets and 
"number drops" of an annunciator. When this 
magnet is energized, the armature is attracted, 
thereby releasing the catch from the slot in the 
drop arm. Gravity then causes the drop number to 
fall. Annunciators usually have a system of rods 
and hooks, all attached to one lever, to push the 
drops back in place after any of them are tripped. 
Some are equipped with a strong electro-magnet 
to operate this "reset" lever. 


Figure 4 shows a back view of an annunciator, 
and the magnets and reset mechanism. 


Referring to Figure 2 again, note how one wire 
from each magnet attaches to a common terminal 
or wire leading to the bell. This is called a Com- 
mon Return Wire, as it makes a common path for 
current from any magnet to return to the battery. 
This is the wire that should go to the bell, so all 

coil circuits will operate the bell when they are 
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tripped. Some annunciators have the bell built in 
them, and others do not. 





. Fig. 3. This view shows the mechanical construction of one type of 
annunciator drop. Note how the drop is held up by a 
small hook on the end of the armature. 


2. ANNUNCIATOR CONNECTIONS AND 
TERMINAL TESTS 


When installing annunciators it is very impor- 
tant to connect the proper wires to the separate 
circuits, and to the bell. Sometimes the terminals 
are marked with numbers on the box where they 
enter, but when they are not marked, they can be 
found by a simple test. Using a dry cell or some 
other source of current supply, and two test wires, 
as in Figure 5A, place one wire on one of the an- 
nunciator terminals at the end of the row or group, 
and hold it there while. touching the other wire to 
the remaining terminals in rotation. If this causes 
the drops to operate in proper rotation then mark 
the wire to which your stationary test lead was con- 
nected, as the common lead, and the rest according 
to the numbers of the drops they each operate. 


If touching the free test lead to certain of the 
terminals causes two or more drops to trip at once, 
the stationary lead is not on the common wire, and 
should be tried on the terminal at the opposite 
end of the row, because the common lead is usually 
at one end or the other. Sometimes, however, it 
may be somewhere else in the group. 


By touching the test wires to adjacent terminals 
two at a time, when two are found that cause only 
one drop to operate, one of these leads should be 
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the common return. In Figure 5-B, with the sta- 
tionary test lead on wire No. 1, touching the other 
test lead to wires No. 2, 4, and 5, should cause two 
drops to fall each time, if they are reset before each 
test. But when No. 3 is touched only-one drop 
should fall, as No. 3 is the common terminal. Then 
when the stationary lead is placed on wire No. 3, 
and the free lead touched to the others, each one 
should cause one drop to operate. 





Fig. 4. Photograph showing the inside parts and construction of two 
common types of annunciators. 


With annunciators that are equipped with a bell 
or buzzer permanently connected, it is easier to 
locate the common wire, as it is the only one that 
will cause the bell to operate when the test battery 
is applied. For example, when the test wires touch 


249 











Annunciators 


two terminals and cause the bell to ring, one of 
these terminals must be the common return lead. 
Trying each one with another wire will quickly 
show which one operates the bell. 

Some annunciators have a ballast coil connected 
in parallel with the bell, as at “A” in Figure 6. 








Fig. 5. Observe these test diagrams very carefully with the instruc- 
tions given for locating annunciato? terminals. 


This coil carries part of the current when the bell 
is of high resistance and not able to carry quite all 
the current required to operate the drop magnets. 
Figure 6 also shows a different symbol which is 
often used for the annunciator in plans or diagrams. 
Some large annunciators have a separate reset 
magnet for each drop magnet, as in Figure 7-A 
and B. In Figure “A” the reset coil has been oper- 
ated, and has drawn the armature toward it, car- 
rying the number on the disk out of view from 
the annunciator window. In Figure 7-B the trip 
coil has operated, drawing the armature toward it 
and bringing the number on the disk into view, 
in vertical positiongin the annunciator window. 
(Window and case not shown in this sketch.) 


Figure 8 shows both sets of coils for a four 
point annunciator and their connections. Each trip 
coil can of course be operated separately, but when 
the reset button is pressed all reset coils operate 
at once, resetting all numbers that have been 
tripped. 
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Hotels, hospitals, and steamships often have an- 
nunciators with several hundred numbers each. 
Elevators also make good use of annunciators. 











Fig. 6. Diagram showing connections of a three-drop annunciator in 
an open circuit signal system. This annunciator uses a ballast 
coil shown at “A,” and connected in parallel with the bell to allow 
the proper amount of current to flow to operate the drops. 


f 


Fig. 7. Sketch illustrating arrangement of coils and number disks on 
an ''electrical reset" annunciator. 














3. LOCATING FAULTS IN 
ANNUNCIATORS 


_ When annunciators fail to operate, careful check- 
ing and tightening of all terininals will usually 
locate the trouble. If none of the drops operate, 
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and the supply battery io the system has been tested 
and found O.K., and all circuits are good up to the 
annunciator, then the trouble is almost sure to be 
in the common return wire, bell, or ballast coil, if 
one is used. If only one drop tails, then its own 
wire, coil, or mechanism is at fault, and careful 
checking and testing with a dry cell and buzzer 
should locate it. 





Trip Cos RESET Corts 
! t 











Fig. 8. Complete diagram of a four-drop annunciator using ‘‘electrical 
reset" magnets. ` 


4. SYMBOLS USED IN SIGNAL DIAGRAMS. 


The chart in Fig. 9 gives a review of the most 
common symbols used in the following diagrams 
and signal systems, and you should study these 


. carefully, so you will be able to recognize them 


quickly when tracing any circuit. You will also 

want to be able to quickly select and use the proper 

symbol for any device, when laying out a plan for 

a job. 

5. METHOD OF TRACING CIRCUITS, OR 
READING PRINTS. 


In each of the following systems shown, make a 
practice of first examining the plan in general, locat- 
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ing and recognizing all of the devices by their sym- 
bols. Then get a general idea of the layout, number 
and arrangement of separate circuits which may 
be combined in the one system. Next start with 
the primary or first operating circuit, and trace it 
out carefully until you can imagine every step of 
its operation clearly, then the next circuit, or the 
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Fig. 9. These are some of the most important symbols used in signal 
diagrams and circuits. They should be memorize@ sé you can easily 
recognize them when tracing any diagram in the future. 
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one which is operated by the first, tracing its opera- 
tion and so on until you are sure you thoroughly 
understand the entire sysfem. 

At first this may seem like quite a job, but after 
a little persistent practice you get the trick or 
method of it, and then you can read most any plan 
almost at a glance. The ability to do this will be 
worth more in the field than any beginner can 
realize, until he finds out what a great help it is 
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on the job, in any kind of electrical construction 
work or “trouble shooting” and maintenance. 
Don't forget that every principle and bit of prac- 
tice you get in tracing signal circuits will also ap- 
ply to practically any other kind of electrical work. 





Fig. 10. Simple signal system using three buttons in parallel, any one 
of which will ring the bell. 


Also remember that most electrical wiring now- 
‘adays is done from plans, and not by guesswork. 
And when we have a difficult trouble shooting prob- 
lem in a large machine or system, ‘looking over the 
plan furnished, or making a sketch of the wiring, 
will often speed up the location of the trouble more 
than anything else. The man who can do this and 
save the most time is the man who gets the best 
jobs. 

Then too, as you carefully trace out and study 
each of the followmg systems you will also be gain- 
ing a knowledge of the principles and operation of 
common signal, alarm, and call systems. 


6. OPEN CIRCUIT SYSTEMS 


Fig. 10 shows an open circuit call or signal sys- 
tem, in which any one of three switches will operate 


the bell. Note that the switches are all connected 
in parallel. Open Circuit Switches must always be 
connected in parallel, if each one is to be able to 
close the circuit. 

If open circuit switches were connected in series 
they would all have to be closed at once, in order to 
close the circuit. Make a sketch of this same circuit, 
but with the switches in series, and prove this out 
for yourself, because it is very important, and mak- 
ing a sketch will he!lp you remember it. 

Fig. 10. shows only three buttons in use, but any 
number can be connected in this manner to operate 
the same device. Such a circuit can be used for the 
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signals on street cars or busses, for an office call 
where several different parties are to be able to call 
one person, or for a simple burglar alarm system, 
by connecting the window and door contacts of 
open circuit type, to the bell and battery as shown.. 


7. SELECTIVE CALL CIRCUIT. 


Fig. 11 shows a selective call system, in which 
switch number 1 rings bells 1 and 2, and switches 2 
and 3 both operate bell number 3 

Bells 1 and 2 are connected in parallel and both 
controlled by button 1. Button 2 and 3 are con- 
‘nected in parallel, and either one will operate bell 
number 3. 








Fig. 11. Selective call system. Button No. 1 will ring bells 1 and 
2; buttons Nos. 2 and 3 will ring bell No. 3. 





Fig. 12. Return call system. Button No. 1 will ring bell No. 2; button 
No. 2 rings bell No. 1. 

The lower wire leading from the positive term- 
inal of the battery to the stationary contacts of the 
switches, can be called a Common Feeder Wire, as 
it carries current to any of the buttons as they are 
closed. 

Trace this circuit carefully. When switch num- 
ber 1 is closed, current will flow from the battery 
through the switch, and then divide, part of it flow- 
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ing through each bell. A good ruie to remember in 
tracing such circuits is as follows: Electric current 
will flow through all paths provided from positive 
to negative of the source of pressure. It also tends 
‘to follow the easiest path, or the greater amounts 
of current will flow over the lower resistance paths. 

In the case of Fig. 11, both bells being of equal 
resistance, and the circuits to them about the same 
length, the current will divide about equally. 

The wire which leads from the left terminal of all 
three bells, back to the negative battery terminal, 
can be called a common return wire, as it serves to 
carry the current back to the battery, from any or 
all of the bells. 


8. RETURN CALL SYSTEM. 


Fig. 12 shows a return call system using two bells 
‘and two single contact buttons. This is called a 
return call system because either party can signal 
the other, or can answer a call by a return signal if 
desired. 





Fig. 13. Return call system using two batteries, thereby 
saving one wire, 


Button number 1 rings bell number 2, and button 
number 2 rings bell number 1. When button num- 
ber 1 is closed current flows as shown by the small 
arrows, and the large arrows show the path of 
current when button number 2 is pressed. 

Note that three main wires or long wires are used 
in this system. - 

In Fig. 13 is shown another method of connecting 
a return call system, which causes both bells to 
ring when either button is pressed. 

This system uses two batteries, one at each end, 
but it saves one main wire, using only two instead 
of three, as in Fig. 12. 
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When button number 1 is pressed current flows 
from battery number 1 as shown by the small ar- 
rows, dividing through both bells. When button 
number 2 is pressed, the current flows from battery 
number 2 as shown by the large arrows, also op- 
erating both bells. 

In this system, if the line is very long the bell 
nearest the button pressed, may ring a little the 


Fig. 14. Return call system using double circuit switches. Trace this 
circuit carefully. 


loudest, because its circuit is shorter and lower 
resistance. Trace this carefully in the sketch. 


If the far bell does not ring loud enough, then 
higher voltage batteries, or larger wires should be 
used. 

Fig. 14 shows a return call system, using double 
circuit switches. 

Here also, button number 1 rings bell number 2, 
and button number 2 rings bell number 1. 

When button number 1 is pressed the current 
flow is shown by the small arrows, and the large 
arrows show the path of current when number 2 
is pressed. If both buttons should be pressed at | 
once neither bell would ring. Check this on the 
diagram. 

This system also uses three main wires. 





9. SAVING WIRES BY USE OF DOUBLE 
CIRCUIT SWITCHES OR “GROUNDS”. 


Fig. 15 shows how double circuit switches can 
be used to save considerable wire in connecting a 
return call system. . 

By using two separate batteries and the double 
circuit switches, one main wire can be eliminated 
and the system operated with only two wires as’ 
shown. : 
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When button number 1 is pressed current (shown 
by small arrows) flows from battery number 1, 
and operates bell number 2. When button number 
2 is pressed, current (shown by large arrows) flows 
from battery number 2, and operates bell number I. 

When such a return call system is to be installed 
where the bells are a long distance apart and it is 
convenient to make good ground connections at 
each end, we can eliminate still another wire, by 
the use of ground connections, as shown by dotted 





Fig. 15. Return call system showing how wires can be saved by the 


use of double circuit switches, two separate batteries, and a ground 
circuit. 


lines at "X" and "X1," in Fig. 15. Then we do not 
need wire "A", current flowing through the ground 
instead. Sometimes a piping system can be used 
for these grounds, and no connection to earth is 
needed. 

Trace this circuit over very curefully, and be 
sure you understand its operation, as it is often very 
important to be able to save these extra wires, 
where the line between bells is long. 


10. CALL SYSTEM WITHOUT SWITCHES. 


Fig. 16 shows a system of signaling that is often 
very convenient for use on temporary construction 
jobs, where workmen need to signal each other; or 
in mines or mine shafts. 





Fig. 16. Mine signal or alarm circuit which uses no switches. The 
bells are caused to ring by short circuiting wires “A” and “B”, 


No switches are used in this system, and instead 
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wires “A” and “B” are bare or uninsulated, so any 
metal object can be used to “short” them or connect 
them together as shown by the dotted line at “C.” 
Then if the wires “A” and “B” are strung tight 


and parallel to each other, a few inches apart and 
supported on insulators, a shovel, pick or piece of 
wire or metal touching both wires anywhere be- 
tween points "X" and "X"", will cause both bells 
to ring. 

You may wonder at first why current does not 
flow all the time in this circuit, as it is always 
closed. Note how the batteries are connected posi- 
tive to positive, or opposing each other, so if they 
aré of equal voltage no current can flow normally. 
Of course if one battery was dead the other would 
cause both bells to ring continuously. 

When a circuit is made between the two wires 
as at “C” the current starts to flow from both 
batteries as shown by the arrows, up through the 
connection “C” and then dividing through both 
bells, and returning to both battery negatives. 

Such a system as this can also be operated from 
moving cars or elevators, by running the bare wires 
along close to the track or in the shaft. 


11. SELECTIVE AND MASTER CALLS. 


Fig. 17 shows a selective call system, with a 
master control, using one battery, three bells, and 
three single circuit switches. 

Button number 1 operates bell number 1. But- 
ton number 2 operates bells number 2 and 3 in 
series. And button number 3, which is called the 
master button, operates all three bells in series. 
Trace each circuit carefully. 





Fig. 17. Selective signal circuit. Check its operation carefully with 
the instructions. 
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Another method of arranging a selective call sys- 
tem with a Master Switch, is shown in Fig. 18. In 
this system any one of the double circuit switches 
1, 2, 3 or 4, will operate its respective bell of the 
same number only, but the single circuit switch 
number 5, will operate all bells when all the other 
switches are in normal position. - 

When any one of the double switches is pressed, 
its movable contact is disconnected from the upper, 
or normally closed contact, so when the movable 
contact touches the lower one, current can only 
flow through its own bell. and aot to any of the 
others. 








Fig. 18. Selective call system with Master Switch. This is a type of 
system very often used in executives’ offices. 





: * g . 
Fig. 19. This sketch shows the proper method of connecting vibrating 
bells in series, to secure best results. 


When button number 5 is pressed current flows 
from the positive of the battery through this button, 
then divides through the closed contacts of all the 
other switches and to all bells. Trace this on the 
sketch until you can clearly imagine this operation. 
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Note how the wire from the positive of the bat- 
tery is again used as a Common Feeder for all 
_ switches, and also the common return wire used 
for all bells. Of course one separate wire is re- 
quired feeding from each switch to its bell, if we 
are to operate them separately at times, but a great 
amount of wire can be saved by proper use of 
Common Feeder and Common Return wires. 
This is where a sketch or plan laid out in advance 
helps to save materials. 


CONNECTING VIBRATING BELLS FOR 
SERIES OPERATION. 


When several bells are to be operated in series 
as in Fig. 19, or other systems for which they are 
connected this way, they will usually not operate 
very loudly or steadily without a special connection. 
This is because they do not all vibrate evenly or 
in synchronism, and the make and break contacts 
of one bell will open the circuit just as another 
closes for its power impulse. This results in rather 
irregular and weak operation, and the greater the 
number of bells in series, the worse it usually is. 


This can be overcome by arranging one bell only 
as a vibrator, and all the rest as single stroke bells. 
This is done by shunting out the make and break 
contacts of all bells except the one, as in Fig. 19. 
Here the current will flow through the make and 
break contacts of bell number 1 only, and on the 
others it flows directly through the coils. Number 
1 bell then acts as a Master Vibrator, making and 
breaking the circuit for all the others, preventing 
them from interrupting the circuit, and forcing 
them to operate in synchronism. 

A series connection of bells is often desirable 
where they are all to be rung at once and are located 
a long distance apart, as it saves considerable wire 


in many cases. . 
13. ECONOMICAL BARN OR GARAGE 
ALARM. 


Fig. 20 shows a method of connecting a bell as 
a combination single stroke and vibrator, and ob- ` 
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taining a closed circuit call or alarm system. 


When we recall that a closed circuit system 
usually requires a relay to operate the bell, we find 
that this connection effects quite an economy by 
saving the cost of a relay. ` 

Tracing the circuits we find that as long as the 
switches are all closed, the current will flow con- 
tinuously as shown by the small arrows, through 
the bell coils, then through the switches and back 
to the battery. This keeps the coils energized and 
holds the hammer quietly against the gong, after 
the first single stroke when it is connected. 

Then when any one of the switches is opened, 
the circuit is momentarily broken, allowing the 
hammer to fall back and close the circuit again at 





Fig. 20. Simple and economical barn or garage alarm of closed circuit 
type. . b 


the make and break contacts of the bell. 

The bell will then continue to vibrate, current 
flowing as shown by the large arrows, until the’ 
switch in the line is again closed. This is a very 
good circuit to keep in mind when the dependa- 
bility of a closed circuit system is desired, but must 
be had at low cost, 

A bell with high resistance coils should be used, 
to keep the amount of current flow small. A closed 
circuit battery should also be used, as dry cells 
would soon be exhausted by the constant current 
flow. 

This system makes a very good barn or garage 
alarm, where long wires are to be run in the open, 
between the protected buildings and the house. 
Then if anyone attempts to cut these wires, the 


262 





Signal Systems 


alarm will operate just as though the window or 
door switches of the building were disturbed and 
opened. 








Fig. 21. Another type of selective call system with Master Contro! 


14. OFFICE OR SHOP CALL SYSTEM. 


Fig. 21 shows a selective master ‘control call 
system that would be very convenient for an office 
executive or shop or power plant superintendent, 
to signal their various foremen or workmen. Any 
one at a time can be called, by pressing the proper 
double circuit switch, or all can be called at once 
by pressing the single circuit master switch. 

The small arrows show the path of current flow 
when one of the double switches is operated, and 
the large ones show the current flow to all bells 
when the master switch is operated. 

At first glance this circuit does not look much 
like the one in Fig. 18, does it? But look at it 
again and compare the two closely, and you will 
find they are exactly the same as tar as parts. and 
operation are concerned. The only difference is in 
the position or arrangement of these parts. 

This comparison is made to show you that it 
does not matter how or where the bells or switches 
are to be located, as long as certain general prin- 
ciples of connection are followed. 

Note that in each of these sketches a common 
feeder runs from the positive of the battery to all 
the lower or open contacts pf the switches. Another 
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common wire leads from the top of the master 
switch to the top or closed contacts of all double 
circuit switches. Then the individual bell wires 
' are each attached to the movable contacts of the 
double switches in each case, and a common return 
from the bells back to the battery. 
These are the principle points to note and follow 
in connecting up any such selective, master, call 
| System. 
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Fig. 22. Combination doorbell and magnetic door-opener system. Note 
the use of certain wires as common "Feeder" and "Return" wires, 


15. APARTMENT DOOR BELL AND 
OPENER SYSTEMS. 


Fig. 22 shows a door bell and magnetic doo: 
opener system for a three apartment building. 
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This sketch is arranged a little differently to show 
how the wires running up to the various floors can 
all be grouped together and run in one conduit or 
cable, and then branches taken off to each bell and 
switch. 

Such a system is commonly used in connection 
with speaking tubes and telephones in apartment 
buildings, and could be extended to take in as many 
more floors or apartments as desired, just following 
the same scheme of connection as shown. 

Any one of the buttons in the lower hall will 
ring its own bell of the same number. Then if 
the party is at home and wishes to admit the caller, 
any one of the apartment buttons marked “A” will 
operate the door lock. 





Fig. 23. Doorbell and door-opener system, including separate local 
buzzer circuits. 


Fig. 23 shows a similar system of apartment 
building calls and door opener, including also a 
buzzer at each apartment door, for parties within 
the building to use when calling at any other apart- 
ment, and without going down to the front door. 
Trace the circuit and operation carefully, 


16. HOTEL OR OFFICE CALL SYSTEM 
WITH ANNUNCIATOR, 
Fig. 24 shows a selective, master call system 


that could be used very well ir an office or hotel 
and many other places. 
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With this system a party at “A” can call any 
one of the parties "B", "C", or “D”, by pressing 
the proper buttons; or he can call them all at once 
by pressing the master button. 

The party called can also answer back or ack- 
nowledge the call with their button, and the annun- 
ciator and buzzer show the response to party "A". 

Or if “B”, “C”, or “D”, wish to signal “A” at 
any time, the annunciator: shows which one is 
calling. 





Fig. 24. Selective signal circuit with Master Control, return call and 
.annunciator features. This is a ve.y popular iorm oí signal system. 


17. SAVING WIRES BY SPECIAL GROUP 
CONNECTION, and SEPARATE i 
BATTERIES. 


Fig. 25 shows a method of connecting a large 
number of bells and switches in an extensive call 
system, and using separate batteries and a grouping 
system to reduce the number of main wires. 

Any one of the buttons will ring its correspond- 
ing bell of the same letter. By the use of the 
three separate batteries and Cross Grouping corfnec- 
tion of the bells and switches, this can be done 
with seven vertical line wires, while with one bat- 
tery it would require thirteen wires. 


18. CLOSED CIRCUIT BURGLAR ALARM 
FOR TWO FLOORS OR APARTMENTS. 
Fig. 26 shows a closed circuit burglar alarm sys- 
tem for two apartments or floors of a building, 
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using an annunciator to indicate which floor the 
intruder has entered, arid also a drop relay to keep 
the bell ringing constantly until some one is aroused 
and shuts it off. This is a good alarm system to 
recommend to your customers. 





Fig. 25. "Group" method of connecting a large number of bells and 
switches to secure independent operation of each, with the least 
number of wires. 

Normally, when the system is in operation, cur- 
rent flows continually in the two relay circuits as 
shown by the small arrows. This keeps.both relay 
armatures attracted, and no current flows in the 
annunciator, drop relay, or bell circuits. 

But as soon as any switch in either circuit “A” 

t » o: 1 > 
or “B”, is disturbed, the relay current stops flowing, 
releasing the armature, and closing a circuit to 
the drop relay as shown by the dotted arrows. This 
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trips the drop relay, starting the bell in operation 


The bell circuit is shown with large arrows. 

A system of this type using several separate cir. 
cuits gives one an excellent chance to practice step 
by step tracing of each circuit, and the operation 
of all parts of the system. Trace it carefully. 


19. SPECIAL ARRANGEMENT OF 
VIBRATING BELL FOR CONSTANT 
RINGING. i 


Fig. 27 shows a rather novel method of arranging 
a vibrating bell for a constant ringing alarm, with- 
out the use of a drop switch or relay. This is done 
by placing a piece of hard cardboard, fibre or hard 
rubber, between the make and break contacts of 





Fig. 26. Two section alarm system using a drop relay for constant 
ringing, also an annunciator to show which section of the building 
the alarm was disturbed in 


the bell. The spring tension of the armature should 
hold it there normally, but if cardboard is used 


it should not be too soft, or it may stick in place 


when it is released. 
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When one of the three open circuit alarm 
switches is closed current will flow directly through 
the coils of the bell, attracting the armature and 
releasing the cardboard. 


After the cardboard has been released the arma- 
ture contact will be free to close the bell circuit 
through the vibrating contacts. This will allow the 
bell to ring continuously until switch “A” is opened. 
Switch “A” should be a lever switch or a snap 
switch. 

However, if- either one of the open circuit 
switches which are used to trip the alarm should 
be held closed then the bell would not ring because 
this would short out the breaker points and keep 
the circuit closed through the bell coils. The arma- 
ture would be held by the electro magnets and 
could not open the circuit so as to allow the arma- 
ture to vibrate. 





Fig. 27. Simple method of arranging an ordinary vibrating bell to 
secure constant ringing féature. 

It is important when using this circuit as a bur- 
glar alarm to arrange the open circuit switches in 
such a way that they cannot be easily held closed. 
As an example, if the switches are to be mounted 
in a window so that a signal will bé given when 
the window is opened a sliding contact switch could 
be used so that the switch will be closed only at a 
certain point. It would not be likely that a burglar 
would be able to replace the window on this exact 
point so as to stop the bell from ringing. 


a 
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This system of course does not give the positive 
protection of a closed circuit system, or of one 
using a relay, but is very good for an emergency 
job, or one where the cost must be kept very low. 


Now let us advise you to review the signal and 
alarm systems shown in this lesson and see how 
many places you can think of where some of these 
systems would save time or protect property for 
your friends and neighbors. 


Then recommend the proper system and go after 
the job of installing it for experience and profit. 


EXAMINATION QUESTIONS 


l—Show the symbol used for each of the follow- 
ing: (a) bell, (b) buzzer, (c) double circuit switch, 
(d) open circuit switch. 

2—What do we mean by the term Master Vi- 
brator when two or more bells are connected in 
series? 

3—For what purpose are annunciators used? » 


4— Are closed circuit switches connected in series 
or parallel with each other? 


5—A.re open circuit switches connected in series 
or parallel with each other? 


6—Make a diagram showing how a bell may be 
connected so as to operate without a relay in a 
closed circuit alarm system. 


7—Draw a sketch showing how a bell may be 
connected for constant ringing without the use of 
a relay or a drop switch. 


8—What advantage does a closed circuit alarm : 
have over an open circuit alarm ? 


9—Copy Fig. 11, and trace the circuits through 
which current would flow if switch No 1 is closed. 
Mark the circuit with little arrows. 


10—Copy Fig. 17 and trace the circuit through 
which current would flow when switch No. 2 is 
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HOLDING RELAY CIRCUITS 


Fire alarms, burglar alarms, and many other sig- 
nal and power circuits make unlimited use of mag- 
netically operated switches known as relays, You 
have made a study of various types such as open 
circuit, closed circuit, double circuit, and drop re- 
lays. The importance of these various types has 
been fully explained. You are familiar with the op- 
erating principles of a drop relay and you under- 
stand how it may be used to cause constant opera- 
tion of the signal once the circuit has been mo- 
lested. 

Now we will consider a relay circuit which will 
enable us to use an ordinary relay so that it will 
provide constant ringing of the bell, without the 
use of a drop relay. This is accomplished by con- 
necting the relay to operate as a holding relay. j 





Fig. 1. Diagram illustrating the principle of a closed circuit holding relay. 


The diagram shown on this page is the basic 
circuit around which are built all of the holding 
relay circuits shown on the following pages. 


This term comes from the manner in which the 
relay armature closes a circuit to the coil, and 
causes the armature to continue to feed the coil 
until it is forced away, or its circuit broken by an- 
other switch. (See, Figure 1.) 
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This relay has its armature and bridge connected 
in series with its coil and the battery. Imagine 
you were to push the armature to the left with 
your finger, until it touched the bridge contact. 
What would happen? The armature would stay 
there, because as soon as it touches the bridge con- 
tact, it closes a circuit for current to flow through 
the coil. 


Then to get the armature to go back to its normal 
position it would be necessary, to force it away, in 
spite of the pull of the magnets, or to open the 
closed circuit switch at “A”. This would stop the 
current flow through the coils, and allow the arma- 
ture to release. 

Remember that to connect up a “holding relay,’ 
- its armature and bridge must be connected so they 
will close and hold a circuit through the coils when 
the armature is attracted. 


2. OPEN CIRCUIT HOLDING RELAYS. 
Now let's see how we connect this holding or 


stick relay in a simple open circuit, constant ring- 
ing alarm or call system, as in Fig. 2. 


, 





Fig. 2. Open circuit alarm system using a holding relay for constant 
ringing when alarm is tripped. 


Here again we notice that,the armature and 
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bridge are in Series with the coils, and the bell is 
connected in Parallel with the coils. These are the 





Fig. 3. Double circuit holding relay used in a closed circuit burglar alarm 
system. This is a very simple and efficient alarm circuit. 


two principle rules to follow in arranging such a 
system, 

The parallel group of open circuit switches is 
connected in series with the battery and relay coil. 

Normally there is no current flowing in any part 
of this system, and the relay armature is not touch- 
ing the bridge until the switches are disturbed. If 
any one of the open circuit switches is closed even 
for an instant, current will start to flow through the 
relay coils and bell in parallel, as shown by the 
small arrows. 

This causes the armature to be attracted, and 
then it feeds current to both the coil and bell, even 
though the first switch is opened in case the burglar 
closes the window quickly. 

The larger arrows show the path of current which 
keeps the relay coil energized and the bell ringing, 
after the system is tripped. 

To stop the ringing of the bell and restore the 
svstem to normal “set” condition, we press the 
Reset Switch “A”. 


This stops the current flow through the coils long 
enough to release the armafure; then we allow 
switch “A” to close again, and if the open circuit 
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switches are again normal or open, the system re- 
mains quiet until again tripped. ` 


| 3. DOUBLE CIRCUIT HOLDING RELAY. 


In Fig. 3 is shown a double circuit “holding re- 
lay” system, which gives both the advantages of 
| constant ringing and closed circuit reliability. 
| Here we have the relay armature, bridge, coils, 

closed circuit alarm switches, and battery, all con- 
nected in series. An open circuit reset switch at 
“A” is used in this system. To set the system in 
order, this switch is pressed and current starts to 
flow at once, as shown by the dotted arrows. This 
energizes the relay coil and attracts the armature. 
Then the reset switch can be released, and the 
armature will stick in place, as it now feeds the 
coils, and a small current will flow continually as 
shown by the small solid arrows. 

Now if any one of the closed circuit alarm 
switches is opened, the current stops flowing 
through the coil, releasing the armature, which 
closes a circuit to the bell, as shown by the large 
arrows. 

This is a very simple and dependable alarm sys- 
tem, and one you may often ‘have use for. 


V 


.4*. THREE SECTION ALARM SYSTEM. 


Fig. 4 shows a system of this same type, with 
three separate sections for three different floors or 
apartments, and an annüunciator to indicate which 
section is disturbed. 

When an alarm switch in any one of the sections 
is opened, the relay sends current through the 
proper annunciator coil and keeps the bell ringing 
constantly until the reset button is pressed. 

The relay armatures in this Figure and also the 
arrows, are shown as the system would be if sec- 


tions 1 and 3 were normal, but section 2 has been 
disturbed causing the alarm to operate. Observe 
the armatures and arrows, and trace all circuits 
carefully to be sure you understand them. 

At first glance such a diagram as Fig. 4 looks 
quite complicated ayd appears hard to understand, 
but you have probably found by now, that taking 
one section at a time, it can be traced out quite 
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easily. This is true of even the largest circuit 
plans of telephone or power plant systems, and 
if you practice tracing each of these diagrams care- 
efully, you will soon have confidence and ability to 
read any circuit plan. 





Fig. 4. Closed circuit burglar alarm system of three sections, each 
using holding relays for constant ringing; and an annunciator to 
indicate point of disturbance. 


5. COMBINATION CLOSED AND OPEN 
CIRCUIT ALARMS. 


Fig. 5 shows a method of using double circuit 
switches to operate both the relay and annunciator 
in a closed circuit constant ringing system. 

When any one of the alarm switches is pressed, 
it opens the relay coil circuit and closes the annun- 
ciator circuit at the same time. | 

In this system the annunciator shows exactly’ 
which window cr door is disturbed. 

A number of such circuits could be arranged to 
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protect separate floors or apartments in a building, 
and then all connected together through one annun- 
ciator and alarm bell as in Fig. 4. The additional 
annunciator would then indicate to the watchman,, 
janitor or owner, which floor or apartment the 
alarm came from. i 





Fig. 5. Combination alarm system using double circuit switches to 
operate both the holding relay and the annunciator. 


The small arrows in Fig. 5 show where current 
will normally flow when the system is “set”. The 
large arrows show where current would flow 
through both the annunciator and bell circuits, if 
switch number 2 was disturbed. 

After this system is tripped and the bell is ring- 
ing what would you do to stop the bell and reset 
the alarm? 


6 BURGLAR ALARM FOIL FOR WINDOW 
PROTECTION. 


In addition to window and door contacts, switches 
and alarm traps, some alarm systems use tinfoil 1 
strips for the protection of glass windows or thin 
wood panels that could be easily broken. 

Tinfoil for this purpose can be bought in rolls, 
prepared for cementing to the inner surface of the 
glass or panel to be-protected. It is then connected 
into the regular alarm circuit by attaching wires 
to its ends. oe 

If the glass is broken it will craek the tinfoil 
and open the circuit, causing the alarm to operate. 
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Fig. /6 shows a large show window and small 
window above the door protected by burglar alarm 
foil, and the door and two small windows by door 
and window springs. All are connected in series 
to form the closed circuit for the relay coil. 

Disturbance of any one will cause the bell to 
ring. 





Fig. 6. This diagram shows the use and application of burglar alarm 
foil for the protection of glass windows and doors. 


7. BALANCED ALARM SYSTEMS. 


Burglar alarms can be arranged so that it is 
nearly impossible for even an expert to disturb or 
tamper with them without giving the alarm. 

Fig. 7 shows a system using circuits of balanced 
resistance and a specially wound relay. 

This relay has two coils wound in opposite direc- 
tions on each core, so when current flows through 
them equally they create opposing magnetic flux 
and do not attract the armature. 


* The variable resistance at “A” is used to balance 
the current flow through coil ^R", with that of coil 
“L”, by being adjusted so that its resistance is 
equal to that of the entire alarm circuit. The alarm 
circuit includes the wire, switches, and the resist- 
ance unit "B" which is in series with the closed 
circuit switches. 
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As long as the alarm circuit remains of equal 
resistance to that of the balancing circuit, the cur- 
rent from the battery divides evenly through coils 
“L?” and “R”. But if any switch is opened or 
closed, or the wires are changed, the resistance of 
the alarm circuit will be changed and more current 
will flow through one coil or the other, and magne- 
tize the relay core. 





Fig. 7. Balanced resistance alarm circuit. This is a very dependable 
alarm system, as it is almost impossible to tamper with it without 
causing the larm to sound. 


For example, if any closed circuit switch is 
opened, the current through coil “L” stops flowing, 
leaving the flux of coil “R” unopposed and strong 
enough to attract the armature and cause the bell 
to ring. Or, if any open circuit switch is closed, 
it affords a much easier path than the normal one 
through resistance “B”, and more current at once 
fiows through coil “L”, overcoming the opposing 
flux of coil “R”, and again attracting the armature 
and ringing the bell. 

Variations of this principle can be used in several 
ways in different types of alarm circuits, making 
them very dependable and safe from intentional ‘or 
accidental damage. 


8. LOCK SWITCH CONNECTIONS. 


Fig. 8-A shows how a lock switch can be con- 
nected in a burglar alarm system, to allow the 
owner or watchman to enter the building without 
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sounding the alarm, and also to turn off the system 
during the day. 

This switch is connected in parallel with the en- 
tire line of switches here, and when it is locked 
closed, any of the others can be opened without 
tripping the alarm. 

Or we can connect it to one switch only as in 
Fig. 8-B. In this case only the one door and 





Fig. 8. These circuits “A” and “B” show two different methods of 
connecting a lock switch to a burglar alarm circuit. 


switch can be opened without tripping the alarm. 
Then when the lock switch is again locked open, the 
alarm will operate if any other switch is opened. 


9. FIRE ALARM EQUIPMENT AND 
CIRCUITS. 
Fire alarms are very similar in many ways to 
burglar alarms, using many of the same parts such . 
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as relays and bells; and also many of the same 
types of circuits. 

The principle difference is in the types of switches 
used. 

There are manually operated fire alarms and auto- 
matic ones; the manual alarms being merely a sig- 
nal system by which someone sends a warning of 
fire when he sees-it. The automatic alarms are those 
that are operated by the heat of the fire, and send 
in the alarm without the aid of any person. 

One simple type of manual fire alarm switch 
is the “break glass” type, in which the switch is 
held in a closed normal position by a small pane or 
window of glass. In case of fire the person sending 
the alarm merely breaks the glass, which allows the 
switch to open by spririg action and give the alarm. 

One of these devices is shown in Fig. 9. The 
illustration at the left, with the box closed, shows 
clearly how the glass holds the switch button com- 
pressed against a spring, and also the small iron 
hammer provided for convenience in breaking the 
glass. At the right the box is shown open and the 
Switch button can be seen in the center. 





Box Closed Box Open 
Fig. 9. Fire alarm box of the "break glass" type. Note the hammer 


used for breaking the glass, and the location of the push button 
in the box which has the cover open. 


10. PULL BOXES AND CODE CALL 
DEVICES. 


Figs. 10 and 11 show two different -types of fire 
alarm “pull boxes”. To send an alarm from this 
type of box, the operator opens the door and pulls 
the hook of crank down as far as it will go and 

. then releases it. 
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When it is pulled down it winds a spring inside, 
and when released the spring operates a wheel or 
notched cam that opens and closes a switch several 
times very rapidly. These notches or cams can be 
arranged to send a certain number of impulses in 
the form of dots and dashes, or numbered groups 
of dots, to indicate the location of any particular 
pull box, 





Fig. 10. This is a fire alarm "pull box" which sends in numerical or 
code signals to indicate its location. 


This enables the fire department crews to proceed 
direct to the location of the fire. 





Fig. 11. Another type of fire alarm pull box which also sends 
code signals. 


Fig. 12-A shows how a notched wheel can be 
arranged to open the contacts of a closed circuit 
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fire alarm, giving a series of short signals and 
sounding the number 241. Fig. 12-B shows a cam 
wheel arranged to close the contacts of an open 
circuit system and send call number 123. 

From this we see that such boxes are merely 
mechanically operated switches or sending keys. 

Certain types of industrial or shop “code call” 
systems use a mechanism similar to these to send 


CONTACTS =~ CONTACTS —~ 


CAM WHEEL 
* 


A es TO ALARM ue 





Fig. 12. This sketch shows the arrangement of the code wheel and 
contacts of closed and open circuit code call systems. 


number calls for different parties in the plant. 
These will be explained later. 

Fig. 14 shows a fire alarm control cabinet, which 
is used to control and check the condition of such 
systems. These cabinets are equipped with relays 
which receive the small impulses of current from 
the alarm box lines, and in turn close circuits send- 
ing heavier currents to the gongs or horns located 
near the cabinets. 


Meters are also often provided for indicating the 
amount of current flow through closed circuit 
systems, and thereby show the condition of the 
circuits. 


Note the diagram of connections which is in the 
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cover of this cabinet, and is usually furnished by 
the manufacturer of such devices. So you can 
readily see what an advantage it is to know how 
to read these diagrams. 





Fig. 13. Signal or alarm box of the code calling type, showing code 
wheel and contact springs. 


11. SIGNAL RECORDERS 


In fire alarm, bank burglar alarm, and police call 
systems, it is often desired to keep a record of the 
numerical code call sent in by the signal box, in 
addition to hearing the call sounded on the bell or 
horn. This helps to prevent mistakes in determin- 
ing where the call comes from. 


For this purpose we have recording machines 
which mark or punch the call on a moving paper 
type as the signal comes in, thus giving an ac- 
curate and permanent record of it. Such a device 
is shown in Fig. 15. 


There is a spring and clockwork mechanism kept 
wound and ready to pull the tape through, at a 
definite speed. The first impulse of the signal op- 
erates a relay or magnetic trip that releases or starts 
the spring and tape. 


Then another magnet operates a small pen arm, 
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shown on the outside of the box in this case, and 
marks every impulse on the tape in the form of 
dots and dashes. 





Fig. 14. Fire alarm control cabinet, showing relays, test meter, and 
connection diagram. 





Fig. 15. Recording device for receiving code calls on paper tape. Fire 
and police departments use such recorders. 
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Automatic fire alarms use thermostatic switches 
or fusible links, to open or close circuits and send 
an alarm as soon as a certain temperature is 
reached. This type of system is very valuable in 
warehouses and buildings where no people or 
watchman are about to notice a fire immediately. 

Thermostatic switches can be set or adjusted so 
a rise of even a few degrees above normal tem- 
perature will cause them to close a circuit almost 
immediately. 

One switch of this type was explained. 

Another type is shown in Fig. 16. 
There are various types in use but all are quite 
simple and merely use the expansion of metals 
when heated, to close or open the contacts. 

Any number of such thermostats can be con- 





Fil. 16. One type of thermostatic fire alarm switch, that can be 
adjusted to open er close an alarm circuit by expansion at tem- 
peratures above normal. 





Fig. 17. This sketch shows the connection of several different types 
of fire alarm switches in one system. 


nected on a fire alarm circuit to operate one general 
alarm, through the proper relays. 


S 
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12, FUSIBLE LINKS FOR FIRE ALARMS. 


The fusible link fire alarm is made of a soft metal 
alloy something like electrical fuse material. Some 
of these metals are made which will actually melt 
in warm water, or at temperature of 125 degrees 
and up. Such fusible links can be located at various 
points where fire might occur, and all connected in 
series in the alarm circuit. If any one is melted by 
fire or excessive heat near it, the circuit will be 
broken and the alarm operated. 

Fig. 17 shows a fire alarm system in which all 
three types of switches are used. The “break glass” 
switches can be located where they are easily ac- 
cessible to persons who might observe the fire, and 
the thermostats and links installed in other places 
in the building where no one is likely to be. 


In this sketch, “A” and “A-1” are fusible link 
switches. “B” and “B-1” are “break glass” switches, 
and “C” and “C-1” are thermostatic switches. All 
of these are of the closed circuit type. In addition 
to these, an open circuit thermostat switch is shown 
at “D” to operate the bell direct in case of fire near 
the relay and alarm equipment. Fig. 18 shows a 
fire alarm fuse or link, 


Y 
—— -— 
b 


$0 
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Fig. 18. Fire alarm fuse which melts when heated above normal - 
temperature, opening the circuit and causing alarm to sound. 


13. INDUSTRIAL SIGNALS AND HEAVY 
DUTY BELLS. 


In factories, industrial plants and power plants, 
where signals are used to call department foremen 
and various employees, and where the.noise would 
make ordinary small bells difficult to hear, large 
heavy duty bells or horns are used. 


The bells used for such work are very similar to 
the smaller ones, but are much larger and are 
usually wound to operate on 110 volts. Instead of 
using. the vibrating armature pivoted on one end, 
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they often use a rod for the hammer. This rod is 
operated by the magnets in the case. Two bells of 
this type are shown in Fig. 19, and the hammer 
rod can be seen under the gong of the larger bell. 





Fig. 19. Two types of large heavy duty bells for use in industrial 
plants or noisy places. 


14. SIGNAL HORNS OR “HOWLERS”. 


Horns have a very penetrating note and for very i 
noisy places are often preferred to bells. They are 
made to operate on either D. C. or A. C., and at 
110 volts, or can be obtained for any voltage from 
6 to 250. 

Some such horns are made with a vibrator which 
strikes a thin metal diaphragm at the inner end 
of the horn. Others have small electric motors 
which rotate a notched wheel against a hard metal 
cam on the diaphragm, causing it to vibrate or 
"howl" loudly. Many of these horns are called 
"howlers". 

Fig. 20 shows two horns of the vibrator type, and 
Fig. 21 shows one of the motor operated type. 

Fig. 22 is a sectional view of a motor horn, show- 
ing all.its parts. 
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Heavy duty bells and horns require more power 
to operate them, than can be handled by the ordi- 
nary small push button, and these low voltage push 
buttons should not be used on 110 volts. 

So we usually connect the switches to a special 
relay which has heavy carbon, contacts, to close 
the high voltage and heavier current circuit to the 
bells or horns. 





Fig. 20. Two styles of signal horns using magnetic vibrators to 


produce a loud note. 


Fig. 23 shows the connection diagram for a group 
of horns with such a relay. 


15. AUTOMATIC SIGNALING MACHINES. 


In large plants where a great number of different 
numerical or code calls are used for signaling dif- 
ferent parties, an automatic signaling machine is 
often used. With this device, the operator simply 
pushes a button for a certain call, and this releases 
or starts a spring or motor operated disk or code 
wheel, which sends the proper signal or number of 
impulses properly timed, in a manner similar to the 
fire alarm already explained. 

A box with a number of these buttons and wheels 
can be used to conveniently call any one of a num- 
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ber of parties, by just pressing the proper button 
once, and this does not require the operator to 


^ 





Fig. 21. Motor operated signal horn which produces a very penetrating 
note, and is excellent for industrial and power-plant use. 
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Fig. 22. Sectional view showing parts and construction of motor 
operated horn. (Sketch courtesy of Benjamin Electric 'Company.) 


remember a number of code calls. 

A diagram for connecting such a device to signal 
horns operated from a transformer is shown in 
Fig. 24. 

Extra push buttons are also shown for sending 
special calls not included on the automatic signal 
box. : à 
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A time clock is also connected in this system to 
sound the horns at starting and quitting periods 
for the employees, 


BENJAMIN SIGNALS 


VO Volts or as Destred 


~p 21 
/ Ae primary Switch 
/ 
Ley 





Fig. 23. Connection diagram for signal horns and Master relay. This 
relay operates on low voltage and very small current, and closes a 
high voltage, heavy current, circuit to the horns. (Courtesy Ben- 
jamin Electric Company.) 


These clocks have two program wheels, one of 
which revolves with the hour hand, and one with 


the minute hand. These wheels carry adjustable 
lugs or projections which open or close electrical 
contacts as they corhe around. 

Schools often use these program clocks with sig- 
nal systems, to start and dismiss various classes. 
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16. AUTOMATIC PLUG-IN TYPE FIRE 
ALARMS. 


Installing fire-alarm signal systems usually re- 
quires a separate wiring installation, or the use 
of existing signal equipment such as a door bell 
circuit, etc. 





F : 
EE Connectrons RECORDING CLOCK 
4-2 -/2 Volts 


@G¢0000200 
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AUTOMATIC SELECTIVE 
CALLING DEVICE 


PUSH BUTTONS 





Fig. 24. This diagram shows the connections for signal horns operated 
from a transformer, and controlled either by a time clock or auto- 
matic signal device. 


However, automatic fire-alarm equipment has 
been made available which does not require any 
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special] wiring for its installation, as each unit is 
self contained and is put in operation by merely 
“plugging in” to any regular electric convenience 
outlet or lamp socket. ! 





Fig. 25. A complete self-contained fire alarm unit that screws right 
into a lamp socket. See sectional drawing in Fig. 26. 


(Courtesy H. Channon Co.) 
In other words, this means that any home that 
is already wired for electricity can be provided 
with efficient, dependable. fire-alarm service by 
; merely “plugging in” one or several of these units. 
Fig. No. 25 shows a very high grade alarm de- 
signed to be screwed into a regular electric light 
socket. This alarm consists of four important parts 
as follows: 


s 
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1. A howler which operates directly off the 110 
volt A. C. line after the circuit has been closed by 
one of the thermostats. See the sectional drawing 
shown in Fig. No. 26. 


LAMP SOCKET 
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Fig. 26. A complete sectional drawing showing all of the parts used 
in the alarm unit shown in Fig. 25. 

2. A low wattage neon lamp is located in the 
bottom of the unit to indicate that power is avail- 
able at the unit. 

3. A “rate of rise” thermostat which is designed 
and adjusted to operate within one or two minutes 
when a sustained temperature rise of 15° to 20° 
Fahrenheit per minute is maintained. This therm- 
ostat will operate regardless of the prevailing room 
temperature at the start of the fire. As soon as the 
contacts close the howler is set in operation. 

4. A “fixed” thermostat is used in connection 
with the more sensitive “rate of rise” thermostat 
and is set to operate at a temperature of 150° Fah- 
renheit. 

This alarm unit is also designed so that an ex- 
tension horn or howler, consuming not more than 
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where there is danger of fire. 


Fig. No. 27 shows several alarm units installed 
in a commercial building and a power howler is 
connected to the system and mounted outside of 
the building. In this system separate power lines 
,have been installed direct from the entrance cabi- 
net to the alarms. The alarms are connected across 
the line parallel to each other the same as electric 
lights. 


ES 


EXTENSION 
HOWLER 


EXTENSION 
PLUG and CORD 





Fig. 28. A vitalarm fire detector installation. showing an extension 
howler connected through a transformer. 


This type of fire alarm makes an excellent and 


economical protective installation which you should 
be able to sell and install in many buildings. 
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EXAMINATION QUESTIONS 


1—(a) What is the advantage of using a holding 
relay in an alarm circuit? (b) What rule should" 
be followed in connecting up a holding relay? 


2—(a) About what temperature 1s required to 
melt the metal used in a fusable link? (b) Is the 
metal soft or hard? 


J— What advantage is there in using a lock 
Switch in connection with a Burglar Alarm Circuit? 


4—For what purpose is a glass used in a fire 
alarm box? 


5—Copy diagram No. 17 and trace the circuit 
through which current would flow when thermo- 
stat “D” is closed. 


6—What kind of a signal device would you select 
for use in noisy places? 


7—Is it advisable to use ordinary small push 
button switches to control heavy duty bells and 
horns? Why? 


8—How is tinfoil used in connection with a Burg- 
lar Alarm system? 


9—Why doesn't the relay coil in Fig. 7, attract 
the armature, inasmuch as current is flowing 
through the coil? 


10—Are the horns shown in Fig. 23, connected 
in series or parallel with each other? 
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INSTALLATION 


OF CALL AND SIGNAL SYSTEMS 


^ 
* 


Now that you have learned the operating prin- - 
ciples of signal equipment and circuits, and know 
how to trace the diagrams and plans, you will want 
to know more about how to install them. 

In making any electrical installation, the first 
thing should be the plan or layout, and circuit 
diagram. So as soon as we have decided upon the 
type of system desired and how it should operate 
to give best service, we should decide on the loca- i 
tion of the various parts, and then lay out the cir- 3 
cuits accordingly. 

Complete wiring diagrams are usually. supplied 
by the architects who draw up the plans for new 
buildings. In the case of large power or industrial 
plants the plans are generally drawn up by the 
Company Engineers. However, if such plans are 
not furnished, you should at least make up a rough 
layout before any work is started. 


The plan can be drawn approximately to scale for 
the various distances between devices, or length of 
wire runs, and this will enable you to estimate and 
select the required materials with best economy. 

Then, by following a circuit diagram, many mis- | 
takes and time losses can be avoided in making the 
final connections. 

In drawing up plans, or in copying them from 
other prints, it is usually much easier to sketch the 
parts and devices on the paper first, in about the 
same location and proportional spacing as in the 
original plan, or as they are to be installed in the 
building. Then draw in the wires and circuits one 
at a time, keeping them as straight and simple as 
possible. Lay out the wires and connections first to 
get the desired operation and results. Then go over 
the plan again, and possibly redraw it to simplify 
it and shorten wires, making use of “common 
wires" eliminating unnecessary crossed wires, etc. 








297 


DE CER EE MEE 





Large tubular chimes as shown above are very popular for use in 
modern door signal installations. They are new and easy to sell 
to many home owners. 
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LAYOUT OR LOCATION OF PARTS IN 
THE BUILDING 


~By going carefully over the building with the 
plans, and using good common sense in choosing 
the location for the various apparatus and wire 
runs, you can make a more satisfactory job and 
save additional time and labor on the installation. 


For example, when installing a simple door bell 
system in a home, the bell should be located in a 
rear room, probably the kitchen, because both its 
noise and appearance would probably be objection- 
able in the parlor or dining room. Usually some 
“out of the way” place can be found in a corner or 
hall, or behind a door, and preferably quite high 
from the floor, so it is out of reach of children and 
safe from accidental damage. By considering where 
the wires can best enter the room and placing the 
bell on this side if possible. time and material may 
be saved. 


The battery or transformer should usually be 
located in the basement or attic near to the bell or 


wires. However, the battery or transformer can . 


sometimes be located on a small shelf or attached 
to the wall right with the bell, or in a small box. 


The buttons of course must be located at the 
proper doors, and preferably on the door casing. 
Their height should be carefully chosen to be 
within convenient reach of grown-ups, but usually 


not low enough for small children to reach, unless 
a lower mounting is requested by the owner. 


2. RUNNING THE WIRES 


All wires should be run concealed whenever 
possible. Very often it is possible to drill two small 
holes in the door casing strip directly beneath the 
button and, by loosening the strip, run the wires 
under it to the basement or attic. 

If it is not possible to get behind the strip, per- 
haps the holes can be drilled at an angle to get the 
wires into the edge of a hollow wall. Or, if neces- 
sary, they can be run in the corner at the edge of 
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the door casing and covered with a strip of wood 
or metal moulding. 

Where wires can be run through the basement 
or attic they can usually be stapled along the base- 
ment ceiling or attic floor. Care should be taken to 
run wires where they will be least likely to receive 
injury, and they should always be run as straight 
and neatly as possible. 

Sometimes it is advisable to lay a narrow board 
to run the wires on across ceiling or floor joists in 
unfinished basements or attics. 


When making long runs of wire always keep in 
mind the saving of time and material that can be 
made by using a common feeder wire to a number 
of switches, or a common return wire from bells to 
battery. This should also be carefully considered 
when laying out the diagram and plans. 

Where it is desired to run wires vertically 

| through walls, they can be “Fished” through by 

dropping a weight on a string from the upper open- 

| ing to the lower one. This device is often called a 

"Mouse". If the weight or "mouse" does not fall 

~ out of the lower hole, the string can be caught with 

a stiff wire hook and pulled out of the hole. See 
Fig. 1-C. 

Then the wires can be pulled through with this 
string, or if necessary another heavier cord can be 
pulled through first, providing the wires are too. ' 
long and numerous to be drawn in by the light cord 
on the “mouse”. 


In horizontal runs through walls a steel “Fish 
Tape” (a heavy steel wire) can be pushed through 
first, and hooked or snared at the outlet opening, 
then drawn through with the signal wires attached. 


A little “kink” that often comes in very handy * 
in either signal or light wiring is as follows: 


A magnetized file may be used to good advantage 
in locating the proper place to drill through a floor 
or partition. Stick the file in one side of the floor 
or partition, and the point directly opposite on the 
other side of the partition, may be determined by 
using a magnetic compass. 
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The compass needle will be attracted by the file 
tip. Moving the compass around will locate the ` 
center: of attraction, which should be the’ point 
directly opposite the file tip. Then measure the 
distance between the spot located by the compass 
and to the edge of the partition, and add one-half 
the thickness of the partition. Measure off this 
distance in the same direction from the fle and 
you should have a point about in the center of the 
partition. 


In other cases measurements in two directions 
from certain outside walls may be accurate enough. 


Sometimes an exact spot can be located best by 
drilling through the wall or floor with a long thin 
feeler drill, 4% or 3/16 in diameter. 


If the hole does not come near the exact spot de- 
sired, it will serve as an accurate point to measure 
from, and can be easily plugged and concealed 
afterward. 

Fig. 1-A shows how to use the magnetized file 
and compass and make the measurements to locate 
the center of a partition. Fig. 1-B shows by the 
dotted lines how the small "feeler" holes can be 
drilled for the same purpose. The first hole should 
be drilled down at the proper angle and the second 
one drilled up, to try to strike the center of the 
partition. Or, the first one can be drilled straight 
down and then the proper distance measured over 
to partition. 

Figs. 1-C and 1-D show the method of drop- 
ping a “mouse” through the holes and pulling the 
wires in. 


3. RUNNING SIGNAL WIRES IN 
CONDUIT 


In some cases, especially in modern fireproof 
office or factory buildings, signal wires are run in 
conduit. Conduit, as previously mentioned, is iron 
pipe in which the wires are run for protection from 
injury and to provide greater safety. 

Signal wires should always be run in, separate 
conduit of their own, and never with wires of the : 
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higher voltage lighting system. a 
A fish tape is usually pushed through the conduit 

first, and used to pull the wires in. 
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Fig. 1-A. Sketch showing uses of magnetized file and compass to locate 
spot to drill for wires. “B,” dotted lines show how the “feeler 
drill" can be used. “C,” dropping a ‘‘mouse” on a string, through 
holes in wall and floor. "D," pulling the wires in with the cord 
which was attached to the “mouse.” 


4. TESTING TO LOCATE PROPER WIRES 
FOR CONNECTIONS : 


When a number of wires all alike and without 
color markings are run in one conduit, cable or 
group, it is easy to find the two ends of each wire 
by a simple test with a battery and bell, or test 
lamp. 

Simply connect one wire to the conduit at one 
end, and then attach the bell and battery to the 
conduit at the other end, and try each of the wires 
on the bell, until the one that rings it is found. 
This is the same wire attached to the conduit at 
the other end. (See Fig. 2-A.) Mark or tag these 
ends both No. 1 or both “A”, and proceed to locate 
and mark the others in the same manner. 
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When testing or “ringing out” wires in a cable 
or open group with no conduit in use, very often 
some other. ground to earth or some piping system, 
can be obtained at each end, making it easy to test 
the wires. (See Fig. 2-B.) 


5. TROUBLE TESTS 


When troubles such as grounds, opens or shorts 
occur in wires in conduit, the fault can be located 
as follows: 





Fig. 2. Sketches showing methods of testing for various faults in 
wires run in conduit. Compare carefully with test instructions 
given. 

Suppose one wire is suspected of being broken 
or “open.” Connect all the wire ends to the conduit 
at one end of the line, as in Fig. 2-C. Then test 
with the bell and battery at the other end, from 
the conduit to each wire. The good wires will each 
cause the bell to ring, but No. 2, which is broken 
at "X" will not cause the bell to ring, unless its 
broken end happens to touch the conduit. 


When testing for short-circuits between wires, 
disconnect all wires from the devices at each end 
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of the line and test as in Fig, 2-D. 


When the bell is connected to wires Nos. 1 and 2 
it will ring, as they are shorted or touching each 
other at “X”, through damaged insulation. Con- 
necting the bell to any other pair will not cause 
it to ring, 

Sometimes one wire becomes grounded to the 
conduit because of defective insulation as in Fig. 

-E. 

For this test we again disconnect the devices 
from the wires, and connect the test bell and bat- 
tery as shown. ' 

With one test lead on the conduit, try the other 
lead on each wire. It will not ring on Nos. 1, 2, or 
3, but will ring on No. 4 which is touching the pipe 
at “X”, thus making a closed circuit for the test 

' bell. 


6. EMERGENCY WIRES, AND PULLING 
IN REPLACEMENTS 


Where long runs of wires are installed in conduit 

or signal cables, it is common practice to include 
one or more extra wires tor use in case any of the 
others become damaged. 
- This is especially good practice with cables, be- 
cause it is difficult to remove or repair the broken 
wire. In a conduit system, where no extra wires 
are provided and a new wire must be run in to 
replace a broken or grounded one, it is sometimes 
easier to pull out all wires, and pull a new one back 
in with them. 

Where this 1s not practical or possible, it some- 
times saves time and money to pull out the broken 
or bad wire, and then attach two good wires to the 
end of one of the remaining wires, and pull it out, 
pulling in the two good ones with it. This replaces 
both the bad wire and the one good wire pulled out. 

If the bad wire was not broken but only grounded, 
it can be used to pull in the new wire; but, of 
course, a broken wire cannot be used for this pur- 
pose. Therefore, it is often advisable to sacrifice 
one good wire, to pull in two new ones. 
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. The several tests and methods just explained are 
very valuable and should be thoroughly understood, 
* for use on other wiring systems as well as on sig- 
nal systems. 

While some of these tests were explained for 
wires in conduit, they can be also used on groups 
of open wires or cabled wires, by using in place 
of the conduit, some other ground or an extra wire, 
run temporarily for the tests. 


7. SIGNAL WIRING MATERIALS 


Now for the materials. In addition to the bell, 
battery or transformer? and push button switches, 
we will need the proper amount of wire, and in case 
of open wiring, staples to fasten the wire in place. 
Ordinary bell or annunciator wire as it is called, , 
is usually No. 16 or No. 18, B. & S. gauge, and is 
insulated with waxed cotton covering. It can be 
bought in small rolls of 14 Ib. and up, or on spools 
of 1 1b., 5 lbs. or more. It can also be bought in 
single wires, or twisted pairs, and with various 
colored insulation. 
Where several wires are to be run together, the 
use of different colors helps to easily locate the 
proper ends for finalsconnection. 
For damp locations, where the cotton insulation 
might not be sufficient, wire can be obtained with 
a light rubber insulation and cotton braid over it. 
As ordinary door bells use only very low voltage, 
it is not necessary that the wires be so heavily 
insulated. In most cases they may be run with no ' 
other protection, such as conduit or mouldings. d 
To fasten the wires we use staples which have 
paper insulation to prevent them from cutting into 
insulation of the wire. However, these staples 
should not be driven too tightly down on the wires, 
and never over crossed wires, or they may cut 
through the insulation, causing a short circuit. 
Such a “short” under a staple is often hard to locate, 
and great care should always be used in placing 
and driving the staples. 
Small cleats with grooves for each wire, and holes 
for screws to fasten them, are sometimes used. In 
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other cases where twisted pairs of wires are run, 
a small nail with a broad insulating head is driven 
between the two wires, so the head holds them in 
place. Fig. 3 shows séveral sizes of insulated 
staples, and Fig: 4 shows the nail and cleats men- 
: tioned above. 








Fig. 3. Several different sizes and styles of insulated staples used 
in bell wiring. 


On installations where a large number of wires 
are to be run in a group, cables with the desired 
number of wires can be obtained. These wires are 
usually marked by different colored insulation, so 
that the ends of any certain wire can be quickly 
and easily located at each end of the cable. Such 
cables simplify the running of the wires, save space 
and time, and make a much neater job in offices 
and places where numerous separate wires would 
be undesirable. 

In large signal installations terminal blocks are 
used on some of the equipment, and all wires are 
brought to numbered terminals on these blocks. 
Then with the plans, on which the wires can also 
be numbered, it is very simple to make proper con- 
nections of cables with dozens or even hundreds of 
wires. i 

This is common practice with telephone installa- > 
tions and elevator signals, and also on modern 
radio sets, as well as for office and industrial call 
systems. 


8. CAUTION NECESSARY FOR SAFE AND 
RELIABLE WIRING 


Considerable care should be used when drawing 
bell wires through holes and openings, or the insu- 
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lation may be damaged. Where the wires are left 
against the edge of a hole they should be protected 
from damage by vibration and wear, by means of a 
piece of hollow “loom” or insulating tubing slipped 
over the wires, and taped in place. Also, where 
wires cross pipes or other wires, they should be 
well protected with such extra insulation. 


Even though signal and bell wires carry low 
voltage and small current, they are capable of creat- 
ing sparks and starting fires if carelessly installed. 

So, for this reason and also that the finished sys- 


tem will give good service, all signal work should 
be done with proper care. 





Fig. 4. Bell wires can also be fastened with the large headed nails 
and cleats shown here. 


Low voltage signal wires must never be run in 
the same conduit with higher voltage lighting or 
power wires as it is very dangerous, and is also a 
violation of the National Electric Code, which will 
be explained in later lessons. 


If such wires were run with high voltage ones, 
and a defect should occur in the high voltage wires 
and allow them to touch the signal wires with their 
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thinner insulation, it would create a serious fire and ~ 
shock ‘hazard. 


When installing bell transformers, the wires from 
the lighting circuit to the transformer primary must 
-be regular No. 14 rubber covered lighting wire, and 
must run in conduit, armored cable, or approved 

' fashion for 110 volt wiring, according to the code o 
that particular town or territory. : 


When making splices or connections to devices 

all wires should be well cleaned of insulation and 

. all connections carefully made and well tightened. 
| Splices in wires should be.carefully soldered and 
well taped, to make secure and well insulated joints. 


Any bell or signal system should be thoroughly 
tested before leaving it as a finished job. Pride in 
your work and neatness and thoroughness in every 
job should be your rule in all electrical,work. That 
will be the surest way to make satisfied customers 
and success, in your job or business, : 


9. TROUBLE SHOOTING 


In each section of this work on signal devices 
and circuits, common troubles and methods of lo- 
cating them ‘have been covered. In order to apply 
your knowledge of these things to solve any 
troubles in signal systems, your first step should be 
to get a good mental picture of the system, either 
from the plan or by looking over the system and 
making a rough sketch of the devices and connec- 

* tions. : 

Then go over it one part-at a time Coolly and 
Carefully, and try to determine from the faulty ac- 
tion or symptoms of the system where the trouble 
may be. 


10. KEEP COOL AND USE A PLAN AND A 
SYSTEM 


A great mistake made by many untrained men 
in trouble shooting, is that they get rattled and 
worried as soon as they encounter a difficult prob- 
lem of this nature. They forget that a plan or rough 
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sketch of the wiring will usually be of the greatest 
help, and they make a few wild guesses as to what , 
the trouble is. If these don’t ‘hit it, they often get 
still more rattled and indefinite in their efforts, and 
as a result sometimes mess up the system making 
it worse instead of improving it. 

Remember that Every Trouble Can Be Found, 
and Someone Is Going to Find It. If you can do it, 
it will be to your credit and often put money in 
your pocket, or get you a promotion. 

You can find any fault, by thoughtful systematic 
testing of each circuit and device and applying the ' 
knowledge you have of this work. ` i 

In general, a good rule to follow is to first test 
the source of current supply. ‘See that it is alive and 
at proper voltage. A test lamp or voltmeter will 
do this nicely. 

Then test the devices that fail to operate, using 
a portable battery and test wires to make sure the 
device itself is not at fault, or has no loose 
terminals. 


If the power supply and all bells, relays, and 
switches are tested and O. K., then start testing 
the main wires and circuits with the proper switches 
closed to energize them. Use a test lamp of the 
proper voltage, or a voltmeter, to make sure the 
current can get through the lines. 


No one can remember all these things perfectly 
the first time, but referring back to them and trying 
them out on the job at every opportunity is the 
quickest and surest way to fix them in your mind. 

Never be ashamed to refer to a plan or notes 
when you have a problem of connection or other 
trouble. The most successful electricians and engi- 
neers always follow plans. 

When a system has several separate circuits, 
test them one at a time and mark them off on the 
plan or sketch as each is proven O. K. In this man- 
ner you know at all times how far you have gone, 
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and where to look next, and can feel sure of corner- 
ing the trouble in one of the circuits or devices. 

Remember a portable battery and bell, buzzer, ` 
or test lamp, and a few pieces of test wire, used 
with a knowledge of the purpose and principles of 
the circuits and devices, and plain common sense, 
will locate almost any signal trouble. 

If at any time you have trouble in testing any 
piece of equipment, remember that you may refer 
back in your lessons for helpful information on that 
particular item. 

Welcome every “trouble shooting” job as a chance 
to get some excellent experience. 


11. PUTTING YOUR TRAINING INTO 
PRACTICE 


Now, if you have made a careful study of your 
lessons so far, and have properly completed your 
experiments, you should be able to install almost 
any ordinary call or signal system 

You may doubt your ability to do this, but that 
is natural at first, as most of us have felt this way 
on our first jobs. But the thing to do is to get out 
and try it as soon as you qualify. Follow your job 
sheets closely. 


Fig. 6 shows a floor plan of a house equipped 
with a modern bell call system, that affords great 
convenience in any home. Here are shown front 
and back door buttons, and buttons to call a maid 
from the parlor, bedroom, or dining room, An 
annunciator indicates which door or which room 
any call comes from. The switch in the dining 
room can be a floor switch under the table for foot 
operation, while those in the other rooms can be 
neat push buttons in convenient locations on the 
walls. 


In homes where no maid is kept several of these 
buttons may not be necessary, but practically every 
home should have a door bell. 

They are becoming quite popular in many rural 
and farm homes. In these homes a call bell from 
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the house to the barn or garage is often a great 
convenience. 

In Fig. 6 the wires are shown in a simple layout 
to be easily traced, but they should be run through 
the basement or attic, or through the walls where 
necessary. 1 
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Fig. 6. Diagram showing layout of wiring for doorbell and conveni- 
ence call system with annunciator. Such systems are commonly 
used in modern homes and are very well worth their cost of 
installation. 


ESTIMATING JOB COSTS 
Try to do all work at a fair price to the customer, 


, and a fair wage, plus a reasonable profit for your- 
self. , 


A good plan on the first job or two, is to do them 
on a "time and material" basis. After determining 
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the type of system desired and parts and materials 
needed, let the customer buy them, and then charge 
for your time on installing them by the hour. 

Keep a record of your time, wages, materials, 
and costs, and these will help you estimate future 
jobs quite accurately. Then you can buy your own 
materials, and charge 25 per cent or more for hand- 
ling them and for overhead or miscellaneous ex- 
pense; in addition to a good wage for your time, 
all in the estimate figure. 

In many cases, time and money can be saved on 
alarm installations by arranging the relays, bells, 
batteries, and reset switch all on one panel or shelf 
board, in advance at your home or shop. Then 
when you go to the job, it is only necessary to 
mount this assembled unit and install the wires and 
proper switches. 

And again let us emphasize the value of doing 
all work neatly and with good workmanship, both 
for the appearance of the job, and for its quality 
and dependability of operation. 

A customer is usually better satisfied in the end, 
to have a first class job’ done at a fair price, than 
to have a poor job at a cheap price. 


12, GOOD WORKMANSHIP IMPORTANT 


In every job you do, from the smallest door bell 
system to the most elaborate burglar or fire alarm 
system, make a practice of doing nothing but first 
class work—work that will be a credit to your pro- 
fession, your school, and yourself. 

Whether working for a customer or an employer, 
start building your reputation with your first job, 
and keep this thought in mind on all jobs. 


13. VALUE OF ADVERTISING 


Don’t hesitate to let the people in your neighbor- 
hood know of your training and ability. With just 
a little confidence and real ambition you can do 
many profitable jobs. Prove it to them and to 


yourself, and be proud of your training, and every 
job well done. 
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Very often the repair of bell and signal systems 
already installed, will bring you some extra money. 


14. TOOLS AND SUPPLIES 


in case you desire to add to your col- 
lection of tools or supplies from time to time the 
following list will guide you so that you will not 
purchase items that will be of no value tó you. 
This is a rather complete list and you may not 
need many of these items until you build up a large 
active business. 
2" screw driver for bell adjustments. 
4” screw driver for small screws. 
6" screw driver for small screws. 
ratchet for wood bits. 
assorted wood bits. 
long electrician's bits, 24" to 36", for long ‘holes 

through walls and floors, 

pair side cutters pliers. 
pair long nose pliers. 
pair diagonal pliers. 
claw hammer. i 
light machine hammer. 
staple driver. 
compass saw. 
hack saw. . 
carpenter's saw. - 
small pipe wrench. 
small set of socket wrenches. 


small star drills, for drilling holes in brick, tile, 
and concrete. 


Yankee drill. 

2 ignition point files, for bell contacts. 
50-ft. of steel fish tape. 

1 wood chisel. 

cold chisel. 

doz. assorted push button switches. 
to 6 vibrating bells. 

to 6 vibrating buzzers. 

drop relays. 
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7 


3 bell transformers. 

12 dry cells, No. 6. 

lbs. No. 18 annunciator wire. 
boxes insulated staples. 
electric or gasoline soldering iron. 
rolls friction tape. 

lb. solder. 


15. “FLUSHCALL” and “CHIME” 
Signal Installations 


e C9 — C9 Ot 


The natural inclination and present trend toward 
improvements in the home, office and in places of 
business, is responsible for the steady demand for 
new modern and improved electrical apparatus of 
all kinds. 

Among the many opportunities that exist 1n the 
field of modernization we find electric signaling as 
used in the home and in business offers an attrac- 
tive field for the trained electrical man. 





A B 
Fig. 7 ''A". A signal installation using ordinary bell and buzzer 
signals. 
"B". An installation where the "flush" type signals have been used. 


(Courtesy Edwards & Co.) 


Among the many door bell installations which 
should be ‘made in almost every community each 
month, there are many installations where the own- 
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er would welcome an opportunity to have a new 
or improved signal system installed. In all such 
cases the customer will be BETTER SATISFIED 
with a high quality modern system and the elec- 
trician or contractor who makes the installation 
will MAKE MORE MONEY on such an installa- 
tion. 


16. MODERN DOOR BELL SIGNAL . 
EQUIPMENT' 


In addition to the standard door bell buzzers and . 
transformers, commonly used in door bell installa- 
* tions, there has been developed special replacement 





Old Style 
Belis and 
Buzzers 


Fig. 8. A typical signal installation showing the wiring required when 
using regular bell and buzzer signals. 


equipment which may be mounted flush with the 
wall and in regular outlet boxes. 


Fig. 7 “A” and “B” show a comparison between 
the appearance of a regular door bell and buzzer, 
and a modern “flush” type installation. At “A” the 
| bell and buzzer are being mounted in the regular 
way while at "B" the flush type installation is be- 
ing made in the same box with a convenience out- 
let. 

The "flush" type signal installation is a little 
more costly but makes a much neater installation 
and eliminates bells and buzzers from the walls 
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where they will collect dust and dirt. Another im- 
portant factor that will appeal to the Home Owner 
is that the flush type installation makes less work 
at decorating time. 


Fig. 8 shows a regular door bell and buzzer in- 
stallation using a door bell transformer and the. 
usual wiring while at Fig. 9 is shown an installa- 
tion using the “flush” type installation. We can 
see that in Fig. 9 we simply use the 110 volt circuit 


KITCHEN 






BASEMENT 


Fig. 9. An installation where the flush type equipment is used requires 
less wire as shown by the above figure. Compare this diagram 
with Fig. 8. (Courtesy Edwards & Co.) 


which supplies power to the convenience outlet. 
The only other wires that are required are the low 
3 voltage wires which run to the switches. 


17. “FLUSH” TYPE SIGNAL EQUIPMENT. 


There is nothing complicated about the “flush” 
type installation, in fact, for those who understand 
the system there is less work involved than when 
installing the regular surface type equipment. 

The main difference is that in the "flush" 
type system the transformer, bells, buzzers, and 
annunciators are so constructed by the manufact- 
urers that they may be mounted in regular switch 
boxes. 
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Fig. 10, named by the manufacturers, the “Tu- 
call,” consists of two separate signals designed to 
replace a bell and buzzer combination. You will 
note that this combination unit has been designed 
to fit in a regular switch box. In addition to the 
` “Tucall” other signals similar in appearance are ob- 
tainable. The “Ringcall” is a single unit designed to 
replace the regular door bell, and the ‘“Melocall” 
is a dining room to kitchen signal or “Maids’ call.” 


Y 


^^ 


| 





Fig. 10. The “Tucall” flush type signal shown above consists of two 
different signals designed to fit in a standard switch box. 


Fig. 11-A shows how a convenience outlet, a 
“Powacall” (transformer), a “Tucall,” and a “Melo- 
call” may all be mounted in a four gang switch 
box. At 11-B the cover is shown in place. 


18. ELECTRIC CHIME SIGNALS 


The sweet melodious tone of a cathedral chime 
may be substituted for the less pleasing sound of 
ordinary bells and buzzers by the use of modern 
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electric chime signals, There is always a demand 
for installations of this kind, in fact, most home 
owners become prospective customers the very first 
time they hear chime signals and many are anxious 
to have the new equipment installed at once. 
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Fig. 11. At “A” we have from left to right: convenience outlet, 
"Powacall" transformer, “Tucall” signal, and a “Melocall” signal, 
all mounted in one gang type flush switch box. At “B” the same 
kind of an arrangement is shown with the cover in place. 


(Courtesy Edwards & Co.) 


Chime signal equipment is obtainable in differ- 
ent sizes, from many manufacturers, at prices to 
suit any pocket book as well as the most fastidious 
tastes. Prices range from a couple dollars each to 
$125.00 or more. 


Small chimes with one or two bars such as shown 
by Fig. 12 may be installed to replace the regular 
bell with no change of power or control equipment. 
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Larger tubular chimes such as shown 
are obtainable with single tone, two tone, or as 
high as four tones. These larger chimes require too 
much power for operation on a regular door bell 
transformer. So when installing the large size 
"Chimes" it is also necessary to install a trans- 








Fig. 12. Small chimes designed to replace regular bell and buzzer 
systems. 


former designed to supply the required voltage 
and wattage. This equipment usually requires a 16 
volt transformer with an output power of 25 watts, 
and in some cases a 50 watt output is required. 
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EXAMINATION QUESTIONS 


1. In which part of the house is a door bell gen- 
erally located? 


2. Should signal wires be run in conduit with 
the power or light wires? “ 


*3. Is it generally necessary to run low voltage 
bell wires in conduit? 


4. What kind of wire should be used for the 110 ' 
volt primary circuit leading to the bell trans- 
formers? 


5. How are low voltage signal wires held in 
place when run without conduit? 


6. Why is insulation_used on bell wiring staples? 


7. In what part of the building should a bell 
transformer be located. 


8. What two simple methods can be used to lo- 
cate the proper spot to cut or drill into a floor or 


partition? 


9. What is meant by a “mouse” as used in signal 
wiring? What is a “fish tape” used for? 


10. What equipment would you use to test sig- 
nal wires for grounds, opens or shorts? 
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TELEPHONY 


Telephony is one of ies most Acn branches 
of Electricity which we now find such an important 
part of our every day life that we accept it as a 
matter of course, and seldom give much attention 
to the development which brought this interesting 
and valuable equipment to us. 


During the year 1876, Alexander Graham Bell 
took out the first patent on the telephone. The 
definition given by him in obtaining his patent was 
as follows: An instrument for the transmission of 
articulate speech by electric current. 


Although the telephone of today is completely 
electrically operated, the same fundamental operat- 
ing principle was involved in the operation of the 
old “Lovers Telephone” which has been a source of 
amusement for many years. Thousands of young 
folks have enjoyed talking into an ordinary tin can 
and having their voice reproduced in another can 
some distance away by means of a tightly drawn 
string or wire attached between the two cans. 
This equipment although very crude was a stepping 
stone to the wonderful world wide system of today. 


The writer can recall when telephones were first 
being introduced for general use. In those days we 
thought it quite an accomplishment to telephone 
over a distance of 50 miles. In fact, at that time 
one would have more diffculty in talking over a dis- 
tance of 50 miles than we have today in carrying on 
a conversation with a person in almost any part of 
the world. 


International Telephone Service is now available 
to most points in Europe, Asia, Africa, Australia, 
Central America. Also to the Bermudas, Hawaiian 
and other Islands. 


One may also step to the telephone and carry on 
a conversation with a party traveling on either of 
several great liters on the Atlantic Ocean. 
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1. GREAT FIELD FOR SPECIALISTS WITH 
! ELECTRICAL TRAINING 


To keep all this vast and marvelous system of: 
telephones functioning perfectly requires thousands 
of well trained electrical men who are specialists 
in circuit tracing, trouble shooting, and care and 
adjustment of the relays, bells, coils, etc. Many 
more men are required to install the thousands of 
new telephones constantly being added to this vast 
system. 


> 2. TELEPHONE KNOWLEDGE VALUABLE 
IN ANY LINE OF ELECTRICAL WORK 


The telephone field is one in which you can use 
many of the principles that have been covered in 
the preceding elementary and signal lessons. And 
even though you may not desire to specialize in or. 
follow telephone work, you should at least have an 
understanding of the fundamental principles of tele- 
phone equipment. Many power plants, factories, 
shops and offices have their own private telephone 
systems, and in any line of electrical maintenance 
work you are likely to find good use for this 
knowledge. 





| 3. PRINCIPLES OF OPERATION 


The telephone is an instrument for transmitting 
" sounds and voice from one point to another. Tele- 
phones do not actually carry the sound itself, but 
instead reproduce it by means of electric current 
impulses. 

In order to understand how this is done, we 
should first know something of the nature of 
sound. .Most everyone knows that any sound is 
transmitted by means of waves in the air. These 
air waves may be set up by one's voice, clapping 
of hands, firing a gun, or anything that causes a 
disturbance of the air. 3 

Different sounds have waves of different volume 
and frequency. A loüd sound has waves of greater 
volume or energy, and a low or feeble sound has 
waves of less volume or energy. A high pitched 
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sound has waves of high frequency, and a low 
note has waves of lower frequency . 


These little puffs or waves of air strike our ear 
drums and cause them to vibrate and transmit 
impressions of various sounds to our nerves and 
brain, thus enabling us to hear them. Figs. 1 
and 2 show several different forms of sound waves, 
represented by curves showing their volume and 
frequency. i 





Fig. 1. This sketch shows a number of different forms of sound waves € 
represented by curves. The upper line shows two groups of waves, 
both of about the same frequency, but the first group of considerably 
greater volume than the second. The second line shows two groups 
of about the same volume, but the first is of much lower frequency 
than the second. The third line shows waves of varying volume and 
varying frequency. 

In order to be heard by the ordinary human ear, 
sound waves must be between 16 per second and 
15,000 per second, in frequency. These are called 
Audible sounds. Many people cannot hear sounds 

" . 1 
of higher pitch or frequency than 8,000 to 9,000 
waves per second, and it is only the highest of 
musical or whistling notes that reach a frequency 
of 10,000 or more per second. 


Sound waves travel about 1,100 feet per second 
325 
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in air, and about 4,700 feet per second in water. 


Ordinary sounds can only be heard at distances 
from a few feet to a few hundred feet, and the 
loudest sounds only a few miles. E 


PIANO C 


CLARINET C 


Fig. 2. These waves are typical of various musical notes, having the 
small variations in frequency and volume occurring at regular inter- 
vals, forming groups or large variations in the general note. 


This is because the actual amount of energy in 
the sound waves is very small and is quickly lost 
in traveling through air. 


Electricity travels at the rate of 186,000 miles, 
per second, and can be transmitted over hundreds 
of miles of wire without much loss. So if we 
change sound wave energy into electrical impulses 
and then use these impulses to reproduce the sounds 
at a distance, we can greatly increase both the 
speed and the distance sounds can be transmitted. 


This is exactly what the telephone does. 


4. TRANSMITTING AND REPRODUCING 
SOUND WAVES ELECTRICALLY 


In Fig. 3-A is shown a sketch of a simple form 
of telephone. Sound waves striking the Transmit- 
ter at the left, cause it to vary the amount of cur- 
rent flowing from the battery through the trans- 
mitter, and also through the Receiver at the right. 
These varying impulses of current through the re- 
ceiver magnet vibrate a thin diaphragm or disk and 
set up new air waves with the same frequency and 
variations as those which operated the transmitter. 
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Thus the original sound is reproduced quite faith- 
fully. . 

This illustration of the telephone principle shows 
that the actual sound does not travel over the wires, 
but that the wires merely carry the electrical 
impulses. 

Figs. 3-B and 3-C show the same circuit with 
different amounts of current flowing in each case, 
as they would be at the time different sound waves 
strike tlie transmitter. 

This simple telephone would serve to transmit 
the sound only in one directión, but would not per- 
mit return conversation. For two-way conversa- 
tion we can connect a transmitter and receiver at 
each end of the line, all in series with a battery, 
as shown in Fig. 4. 





Fig. 3.—A. Sound waves striking the transmitter are reproduced elec- 
trically by the magnets in the receiver. 
B. When feeble waves strike the transmitter only small cur- 
rents flow in the circuit. 
C. When stronger waves strike it heavier currents flow. 


When sound waves enter either transmitter, both 
receivers are caused to operate; so this system can 
be used to carry on conversation both ways. 
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However, we still do not have any means to 
call the distant party to the telephone. 

This can be arranged very easily, as in Fig. 5, 
by simply attaching a return call bell and push 
button system. In this circuit we have made use 
of one of the talking circuit wires, and a ground 
path for the bell circuit, but it still requires an 
extra wire for the signal. This wire can be elimi- 
nated by -the use of.a Receiver Hook Switch, to 
separate the talking and ringing circuits when the 
receiver is up or down. 





Fig. 4. Two transmitters and two receivers connected in series to forn 
a simple two-way telephone circuit. 





Fig. 5. Simple telephone system for two-way conversations, and in- 
cluding bells and buttons for calling the parties to the telephone. 


The circuit shown in Fig. 5 can be used for 
a very practical telephone for short distances, such 
as between a house and barn, or in a large shop or 
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office building. But for longer distances we should 
also have the hook switch to save the extra wire, | 
and an Induction Coil to increase the voltage for 
the long line. The bells should also be of a special 
high resistance type, so they will operate on less 
current and maintain better line economy. 


5. IMPORTANT TELEPHONE PARTS 


Now we have found that the more important 
parts of à telephone are the Transmitter, Receiver, 
Bell, Hook Switch, Induction Coil, and Battery, or 
source of current supply. Some types of telephones - 
also require a special Magneto to operate the high 
resistance bells. 

In order to more thoroughly understand the oper- 
ation of various types of telephones, and also tneir 
care and repair, we should now find out more about 
each of these important parts. 

Although there are many styles of telephones 
and various circuits and systems, they all use these 
same fundamental parts, and if you get a good 
general knowledge of these parts it should be much 
easier for you to understand any ordinary telephone 
installation. 


6. TRANSMITTER 


The transmitter, as was mentioned before, acts as 
a valve to release from the battery, electric current 
impulses in synchronism with the sound waves 
which operate the transmitter. This is done by the 
use of variable resistance in the form of carbon 
granules (particles) in a small cup-like container. 

This cup has a loose cover or front end, which 
is attached to the thin disk or diaphragm directly in 
front of the mouthpiece. 

The mouthpiece acts as a sort of funnel, to con- 
centrate the sound waves on this disk. As the 
waves strike the disk, they cause it to vibrate 
slightly and this moves the loose end of the carbon 
container, and compresses and releases, the carbon 
grains or granules. See Fig. 6 which shows these | 
parts in detail. 

The transmitter circuit is arranged so the cir- 
rent from the battery must flow through the carbon 
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granules from one end of the cup to the other. 
When the carbon particles are compressed tightly 
the contacts between them are better, their electri- 
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mitter and its parts. Examine each very closely, 
and note the names of each part 


Fig. 6. This diagram shows two different views of a tele 
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cal resistance is lower, and they allow a strong cur- 
rent to flow. When they are released and their 
contacts loosened, the resistance increases and less 
current will flow. 
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So, as the various sounds strike the transmitter 
and cause the disk and button to vibrate rapidly, | 
it controls or liberates from the battery correspond- | 
ing impulses of current. Fig.7 is a sketch showing 
the connections and electrical circuit through a 
transmitter. 
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Rig. 7. Simple sketch showing principle of telephone transmitter 
button, and how the varying pressure on the carbon granules 
varies the resistance and current flow in the circuit. 


Fig. 8 shows several different forms of electric 
current represented by curves. The straight lines 
are base or zero lines, and are considered as points 
of no current value. When the curve goes above 
the line it represents positive or current in one 
direction; and when it goes below it means nega- 
tive or current in the opposite direction. Fig. 8-A 
shows a steady or continuous flow of direct current, 
such as the battery would ordinarily supply. Fig. 
8-B shows pulsating direct current such as the trans- 
mitter would produce. The height of the curve 
above the line indicates the value of the various 
current impulses. While this current varies in 
amount, it is still flowing all in one direction. 

Fig. 8-C shows ordinary alternating current, 
such as a magneto or A. C. generator would pro- 
duce. This current continually varies in amount 
and regularly reverses in direction. Fig. 8-D shows 
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alternating current of’ irregular frequency and 
varying volume, such as produced by a telephone 
induction coil, which will be explained a little later. 














i Fig. 8. Various kinds of electrical current represented by curves 
Examine eacn curve very closely and compare 
with the explanations given. 
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Fig. 9. Sectional view of a common type of telephone transmitter. 
The carbon cup is here shown empty or without 
y any carbon granules in it. 


Fig. 9 shows another type of transmitter of 
Š slightly different construction, but similar in oper- 
i . - 
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ating principle to the one in Fig. 6. This trans- 
mitter has the disk or diaphragm mounted in a soft 
rubber ring, to allow it free movement without rat- 
tling or chattering. 


Sometimes the carbon granules in a transmitter 
become packed or worn and need to be removed. 
In many transmitters the entire cup can be easily 
removed and exchanged. Loose terminals, broken 
connections, or dirt around the diaphragm also 
cause occasional trouble. 


7. RECEIVER 


. The ordinary telephone receiver consists of a 
strong permanent magnet of horseshoe shape, a pair 
of electro-magnet coils at the ends of the permanent 
magnet poles, a thin disk or diaphragm, and the 
shell and cap in which these parts are enclosed. 


See Fig. 10. The receiver at the left shows the 
parts named, while the one at the right shows a 
slightly different type which does not use the large 
permanent magnet, but just a strong electro-mag- 
net instead. 


The permanent magnet normally holds the iron 
disk attracted when the receiver is not in use. When 
“talking current,” or current from the talking cir- 
cuit, passes through the coils of the electro-magnets, 
its current variations strengthen and weaken the 
pull of the permanent magnet on the diaphragm, 
causing it to vibrate. 


Telephones.using induction coils have alternating 
current in the line and receiver circuits. This cur- 
rent reverses rapidly, and the reversals or alterna- 
tions are of the same corresponding frequency and 
volume as the sound waves which caused them. 


Some of these impulses were shown in Fig. 8-D 
As these impulses pass through the receiver coils, 
they not only vary the magnetic strengthen of the 
coils, but also actually reverse their polarity. This 
causes the electro-magnets to strength the polarity 
and aid the pull of the permanent magnets on the 
diaphragm while the current flows in one direction, 
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But when it reverses, the magnetism of the coils 
opposes that of the permanent magnet and weakens 
it, thus making a considerable variation in pull on 


the diaphragm.» 
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The coils of the receiver electro-magnets are 
usually wound with many turns of very fine wire, 
and if these coils are bruised or ser&tched it often 
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breaks one or more turns of the wire and stops 
the operation of the receiver. 


Some of the other more common receiver troubles 
are as follows: Loose end cap, allowing diaphragm 
to fall away from magnets; bent diaphragm, weak 
permanent magnet, loose cord connections, or 
° 
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Fig. 11. Sectional view and front view of watch case receiver, such as 
used on telephone operators' head sets. 





broken receiver cord. The wires in these cords 
often become broken inside the insulation, from | 
twisting and kinking, or from rough handling and : 
dropping of receivers. 

Testing with a dry cell, first at the cord tips, 
then at the receiver terminals, and listening for a 
click at the diaphragm as the circuit is made and 
broken, will easily disclose this trouble. 


Another type of receiver, often called a "watch* 
case" type, is shown in Fig. 11. These snfall re- 
ceivers are used in head sets for telephone operators, 
and are very similar to those used by radio 
operators. 

Their construction is much the same as the larger 
ones, except that they are much lighter in weight 
and have the permanent magnet in more of a cir- 
cular shape. 


8. HOOK SWITCH 


The receiver is hung on a spring hook when not 
in use, and this hook operates a switch to discon- 
nect the talking circuit and place the ringing cir- 
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cuit in readiness for the next call. This is called a 
` Hook Switch. d s 
By disconnecting the talking circuit, it saves 
wasting the battery current when the 'phone is 
not in use. It also disconnects the bell circuit 
when the 'phone is in use, and thus prevents the 
bell from being rung while parties are talking. 
Having this switch operated by the receiver makes 
it automatic, as the party naturally removes and 
replaces the receiver when starting and finishing 
the conversation. 





Fig. 12. Sketch showing the principle of a simple ''receiver hook 
switch." Note what the operation of the spring contacts 
would be if the receiver was raised and lowered. 


Fig. 12 shows a very simple type of hook switch. 
While the receiver is on the hook, the hook is held 
down, and the end of the hook lever presses against 
the center contact of the switch, keeping it in con- 
tact with the spring "C." This closes the ringing 
circuit. 


When the receiver is removed from the hook, 
the spring causes the hook to raise and the end 
of the hook lever to move to the left, allowing the 
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center spring to make contact with “A” and close 
the talking circuit. It also opens the ringing cir- 
cult at the same time. 

‘There are a number of different types of hook 
switches, but the principle of all of them is very 
similar and easy to understand. 


If the contacts of a hook switch become burned 
or dirty, or if the contact springs become bent out 
of shape, it is likely to cause faulty operation of 
the talking and ringing circuits. ` 


9. BATTERIES AND CURRENT SUPPLY 


Telephones require, for the successful operation 
of their talking circuits, direct current supply of 
a very “smooth” or constant voltage value. This 
is because we do not want any variations in the | 
current, except those made by the transmitter and 
sound waves. 

In small private telephone systems and rural 
lines, dry cell batteries are often used, and in many 
cases each 'phone has its own battery. 

Large telephone systems for city service use 
storage batteries or D. C. generators for talking 
current supply, Generators for this use have special | 
windings and commutators for providing "smooth" 
D. C., as even the slight sparking and variations 
of voltage at the commutator of an ordinary power 
generator would produce a disturbing hum in the 
‘phone receivers. 

Rural line telephones often use a hand-operated 
magneto to supply current to ring the bells, and 
some small exchanges do also. However, most 
exchanges use a generator to produce alternating 
current or pulsating direct current, for the operators 
to ring the various parties by merely closing a key 
switch. 





10. INDUCTION COIL 


As mentioned before, most telephones that are 
to be used on lines of any great length use an 
induction coil. The purpose of this coil is to act 
like a transformer and increase the voltage of the 
impulses in the talking circuit, so they can be trans- 
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mitted over long lines with less loss. 
When the transformer "steps up" the voltage, i 





Fig. 13, This sketch shows the construction of the windings and core 
of a telephone induction coil. 


reduces the current in the same proportion, and 

the less current we have to send through the re- . 

sistance of any line, the less loss we will have. 

By briefly recalling your study of Ohms Law and 

voltage drop principles, this should be quite easily 

understood. 

Induction coils have a primary and secondary 
winding around a core of soft iron, and when the 
current impulses are sent through the primary, cor- 
responding impulses of higher voltage are set up 
in the secondary by magnetic induction. Thus the 
name, "induction coil." 

Fig. 13 shows a sketch of an induction coil. 
"C" and "C" show the ends of a core which is 
made of a bundle of soft iron wires. ^H" and, 
“H” are ends or "heads" to support the coil on 
the core. "P''and "P-I" are the terminals of the 

primary winding. "S" and "S-1" are the terminals 
of the secondary winding. 

The primary winding should be connected in the 
transmitter and battery circuit. The secondary 
winding connects to the receiver and line circuit. 
These connections will be shown a little later, in 
a diagram of a complete telephone circuit. 

. Fig. 14 shows a single, and also a double induc- 
tion coil. Fig. 15 shows a sketch of the coils, core, 
and terminals of the induction coils as they are 
often shown in connection diagrams. 

We recall from an earlier section on transformer 
principles, that transformers will not operate on 








Coils 


ordinary direct current, but in the case of this tele- 
phone induction coil, the current from the battery 
is caused to pulsate or increase and decrease rapidly, 
by the action of the transmitter. 
These variations in the talking current cause the 
flux of the primary coil to expand and contract, 
and induce the higher voitage impulses in the j 
secondary. 


11. TELEPHONE BELLS 


While some telephones in small private systems 





Fig. 14. On the left is shown a single induction coil with the terminal 
connections plainly visible. On the right is shown a 
pair of coils mounted on one base. 





Fig. 15. The primary and secondary windings and core of an induction 
coil are often shown in the above manner in electrical diagrams. 


use ordinary vibrating bells, the more common 
‘phones in general use in public systems use a 
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Polarized bell, which operates dn alternating cur- 
rent. 

These bells have two electro-magnets and an 
armature, which is a permanent magnet; and two 
gongs instead of one, as in the case of the vibrating 
bell. 
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Fig. 16 shows two views of this type of tele- 
phone bell. 

In some cases, instead of the armature itself 
being a permanent magnet, a larger permanent 
magnet is mounted behind the bell coils and with 
one end close enough to the armature to maintain 
induced poles in it. 
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The coils of these bells are usually wound with 
many turns of very fine wire, and are designed to 
operate on very small amounts of current at rather 
high voltage, which makes them economical to 
operate on long lines. 

The operating principle of the polarized bell can 
be easily understood by referring to Fig. 17. You 
will note that when current flows through the coils 


in one direction it sets up poles on the electro- 
magnets, which attract one end of the armature 
and repel the other, causing the hammer to strike 
the left gong as in Fig. 17-A. i 

Then, if we reverse the current as in “B,” this 
reverses the poles of both electro-magnets, causing 
them to attract and repel opposite ends of the arma- 
ture to what they did before. This makes the 
hammer strike the right-hand gong. 





Fig. 17. These sketches show the electrical circuit of a polarized tele- 
phone bell. Note the polarity and position of the armature in “A,” 
and again in "B," after the current has been reversed. 


Then, if we supply alternating current from a 
magneto or central generator, it will cause the coils 
to rapidly reverse and operate the hammer at the 
same frequency as that of the current supply. 

Check carefully the polarity of the permanent 
magnet, the movable armature, and the electro- 
magnets in both bells in Fig. 17. 
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12. BIASED POLARIZED BELLS FOR PUL- 
SATING D. C. OPERATION 


Sometimes these polarized bells are equipped 








Fig. 18. This sketch shows how a “pulsator” or interruptor can be 
used to supply pulsating current from a battery and 
for the operation of telephone bells. 


with a Biasing spring attached to their armature. 
This spring can be noted in Fig. 16. It enables 
the bell to be operated on pulsating direct current, 
which is sometimes used by the operators at central 
stations for ringing various parties on the line. 

In such cases a rotary pulsating switch is used 
in the battery circuit to provide the interruptions 
in the current. The biasing spring normally holds 
the ‘hammer against one of the gongs when the 
bell is idle. When current is sent through the coils 
in the proper direction, the electro-magnets will 
attract and repel the proper ends of the armature, 
to cause the hammer to strike the other gong. 

When the current is interrupted, the spring 
draws the armature and hammer back again, strik- 
ing the first gong once more. This will be repeated 
as long as the pulsating current flows. See Fig. 
18. The pulsating wheel “W” has alternate sec- 
tions of metal and insulation, so as it is rotated 
it rapidly makes and breaks the circuit of the 
battery and bell. ; 
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Fig. 19 shows a very good view of a telephone 
bell with the gongs removed. 


13. POLARIZED BELL WITH PERMANENT 
MAGNET ARMATURE 


Another type of polarized bell used in some tele- 
phones, has both coils wound in the same direction 
and uses the permanent magnet for an armature. 
See Fig. 20. 

In these bells the armature has unlike poles at 
opposite ends, so in order for one of the electro- 
magnets to attract and the other to repel, they must 
have like poles. When alternating current is passed 
through this bell, the polarity of both electro-mag- 
nets changes at the same time. This causes attrac- 
tion of first one end of the armature, and then the 
other. 





Fig. 19. Photograph of coils, armature, and hammer of a common 
telephone bell. 


Observe carefully the direction of current and 
polarities of the magnets in both bells "A" and 
“B” in this figure. 1 

When telephone bells fail to operate, the trouble 
can usually be found in a loose connection, broken 
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I 
coil lead, weak permanent magnet, loose gongs, or 
magnet cores loose on keeper or frame. 


14. TELEPHONE MAGNETOS 


As mentioned before, rural lines often use mag- 
netos at each "phone for the subscriber to ring any 
other party on that line, and also to call the central 
operator. These magnetos, when operated by the 
hand crank at normal speed, produce alternating 
current at fairly high voltage, usually from about 
80 to 100 volts, and at a frequency of about 20 
cycles. 














Fig. 20. This sketch shows the construction and windings of another 
type of polarized bell, which uses a permanent magnet for its arma- 
ture. Note the polarity and position of armature at "A," and again 
at "B," after the current has been reversed. 


Fig. 21 shows a sketch of a magneto of this 
type. The armature is usually of the shuttle type 
with just two large slots in which are wound many 
turns of very fine wire. It is located in the base 
of the magneto between the poles of several large 
horseshoe magnets. 


The magnets supply the magnetic flux which is 
cut by the armature winding to generate the volt- 
age. The armature is revolved quite rapidly by 
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means of a large gear on the hand crank shaft, and 
small pinion on the armature shaft. 

The crank shaft shown at “O” is equipped with 
a slotted extension and spring which pushes out 
against the contact spring “N” each time the crank ` 
is turned. This operates a sort of “shunt” switch. 





Fig. 21. Diagram of telephohe magneto showing shaft extension which 
operates contact springs. ' 

When the magneto is idle this spring falls back, 
touching contact “C,” and shunts out the magneto 
winding from the line circuit, so the talking current 
does not have to pass thfough this resistance. 


When the crank is turned the shaft is forced out 
a small distance and opens these contacts, allowing 
the magneto current to flow to the line and bells. 
One end of the armature winding is usually 
grounded to the shaft, and the other end is insu- 
lated and carried out through the center of the 
shaft, which is hollow. This end or tip of the 
shaft is in contact with the small spring as the 
shaft rotates. 

Fig. 22 shows two photos of telephone mag- 
netos. 'The one at the right is equipped with a 
hand crank for use in a subscriber's telephone. 
The one at the left is equipped with an extension 
shaft such as used by central operators in some 
of the small exchanges. 





Some exchanges use a power-driven magneto, 
having it operated continuously by a small motor. 
e 
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In this case it is only necessary for the operator 


to close a key or switch to ring the party being 
called. 





Fig. 22. These photos show two telephone magnetos. The one on the 
left for use in a small exchange, and the one on the 
right for a subscriber’s telephone. 


In Fig. 22 the spring contacts operated by the 
magneto shaft are quite clearly shown. 


The permanent magnets in these magnetos often 
become weak after a certain age and need to be 


remagnetized or replaced. Sometimes a little oil and 
dirt collects on the contact springs, causing them 
to fail to make good connections; or they may 
become bent or worn so they do not make proper 
contact. 
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EXPERIMENTS 


A simple experiment to prove the operating prin- 
ciple of the telephone may be performed as shown 
by Fig. 3. This experiment requires only one trans- 
mitter and one receiver, but if you have an addi- 
tional telephone or Radio receiver and an extra 
transmitter you will find the jobs suggested by Figs, 
4 and 5 to be very interesting. 


EXAMINATION QUESTIONS 


1. What is the frequency range of audible 
sound? 


2. At what speed do sound waves travel? 
. 3. At what speed does electricity travel? 


4. What kind of bells are usually used on tele- 
phones? Why? 


5. What kind of current does the telephone mag- 
neto supply? 


6. For what purpose is the magneto current used 
on a telephone? 


7. Why are induction coils used in telephones? 


8. What kind of current should be used in the 
talking circuit? 


9. Name two important parts of the transmitter. 


10. What happens to the resistance of the tele- 
.phone circuit when sound waves strike the dia- 
phragm of the transmitter? 
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This photo shows the latest type of outdoor MONOPHONE. Rugged 
equipment of this type is used in mines and other places where 
a communications system must be maintained both in and out of 
the buildings. 
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TELEPHONE CIRCUITS 


Now that you understand the function and opera- 
tion of the important parts of a telephone, let’s see 
how they all work together in the complete 'phone.  - 

. Fig. 1 shows a common type of party line tele- 
phone used on rural lines and in small towns. 

The view on the left shows the box closed, aud 
the location of the receiver, transmitter, and bell 
gongs. On the right the box is opened up, show- 
ing the battery and magneto, hook switch in the 
upper left corner, and bell magnets on the door. 
The induction coil is not visible in this picture. 





Fig. 1. Common type of party line telephone used on rural lines. This 
telephone is complete with its own batteries and magneto. 


You will note that this 'phone is complete with 
all necessary parts, and has its own current supply 
for both talking and ringing circuits. 

Two or more telephones of this type can be 
connected in parallel on a line, and if desired can 
be operated without any central exchange or any 
other equipment. | 

Any party can ring any other party by a system 
of different calls, arranged in combination of short 
and long rings, similar to dots and dashes. 


Party lines with a number of these 'phones can 
also be run to a central office, and from there they 
can be connected to any other line on, the entire 
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system. This is the purpose and function of a 
central office or telephone exchange. It is practical 
to have on one line only a certain limited number 
of ‘phones, as otherwise the line would always be 
busy. The service would be very poor because 
only two subscribers can use the line at one time. 
On rural lines the number of parties may be from 
«ten to twenty per line. In cities, there may be two, 
‘four, or six parties per line. 

When a subscriber on one line wishes to talk 
to someone on another line, he or she signals the 
central operator, who can, by means of switches 
and plugs, connect the Calling Line to the one 
called and then ring the party desired on the Called 
Line. The equipment and operation of exchanges 
is covered later. 





Fig. 2. Diagram showing connec'iors an4 circuits of a telephone such 
as shown in Fig. 1. 


X 


Fig. 2 shows a complete diagram of the elec- 

- trical circuit and connections of a telephone of the : 
type shown in Fig. 1. Here we can see the rela- 
tion of each part to the others and get a clearer 
idea of how they all operate together. 
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Trace out this circuit very carefully until you 
are sure you clearly understand its entire operation. 


The receiver is shown off the-hook and the hook 
is raised, allowing the main contact spring to move 
to the left and close the two contacts on that side, 
completing the talking and line circuit. The large 
arrows show where the current flows from the local 
battery, through the transmitter, induction coil pri- 
mary, hook switch contacts, and back to the battery. 

When the‘party talks into the transmitter, this 
local current is caused to pulsate and sets up 
induced impulses of higher voltage but smaller cur- 
rent, in the secondary coil, receiver and line circuit. 
This is shown in the small arrows. You will re- 
member that this current induced in the secondary- 
coil and in the receiver circuit is alternating and 
rapidly reverses, so we show the arrows both ways. 
It also flows a short distance through one of the 
same wires with the battery current, but this does 
no harm. 


The magneto is shown here in idle position, so 
its spring contact is open and keeps the magneto 
winding out of the singing and line circuit at 
present. When the magneto is operated, the shaft 
pushes out and closes the circuit, and sends current 
through the bell and also out on the line to the 
other bells. 


In order to ring anyone, the receiver must be on 
the hook, keeping the hook down and holding thc 
main spring or line contact to the right and in 
contact with the spring on that side. The ringing 
current then flows as shown by the dotted arrows. 

Fig. 3 shows another telephone circuit, using 
a hook switch with only three spring contacts 
instead of four, and a magneto with thrce contacts 
instead of one or two. Compare this diagram care- 
fully with Fig. 2. Here again the large arrows 
show the transmitter and local battery circuit; the 
small arrows, the receiver and line circuit; and the 
dotted arrows, the ringing circuit. 

You will note that this hook switch does not 
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make and break the ringing circuit as the-one did 
in Fig. 2. Here the ringing circuit is controlled 
by the magneto springs. When the magneto is 
idle, the long center spring presses to the right, 





Fig. 3. Circuit diagram of another telephone using a different hook 
switch and set of magneto contacts. Trace the circuit carefully and 
observe its operation. 

keeping the bell connected to the line, ready to 
receive an incoming call. When the magneto crank 
is turned it forces the shaft outward and pushes 
the center spring to the left. This short-circuits 
the bell and makes a connection direct to the line 
to ring outside bells. In this type of /phone the 
subscriber's own bell does not ring wlen the mag-' 
neto is operated. 

There are a number of different ways to arrange 
party line telephone circuits, hook switches, mag- 
neto contacts, etc.; but if you have a good under- 
standing of these fundamental circuits and.the oper- 
ation and purpose of these important parts, you 
should have no difficulty understanding any 'phone 
circuit after tracing out its wiring or diagram. 

The electrical technician may occasionally be re- 
quired to install some kind of intercommunicating 
system, and the above shows an arrangement of 
battery operated phones that could be used for this 
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purpose. Although the diagram shows a system with 
four stations, it is evident that a comparable ar- 
rangement of equipment could be used for a greater 
or lesser number of phones. 


INTERCOMMUNICATING PHONE SYSTEM. 























With the arrangement shown, the person at any 
station may call any other station by merely press- 
ing the appropriate switch; this action operates the 
buzzer at the called station. When the receivers are 
lifted, the phones are connected as shown in the 
diagram, for the hook switches open all transmitting 
and receiving circuits when they are down. Exam- 
ination of the sketch shows that a person at any 
station can call and talk to any or all other stations. 

This type of system is usually operated from dry 
cells, two number 6 cells being used in each bat- 
tery. The small condensers (one-half to two micro- 
farad in capacity) are used to prevent direct current 
from the phone battery flowing in the receiver circuit. 


2. CENTRAL ENERGY SYSTEMS 
AND 'PHONES 


In large city telephone systems a central source 
of current supply is generally used for both the 
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talking and ringing. In such systems the sub- 
scriber's 'phone does not need a battery or magneto. 

The hook switch and circuit are so arranged that 
as soon as the receiver is removed from the hook, it 
closes a circuit and lights a small lamp on the 
exchange operator's switchboard. 

The operator then plugs her 'phone onto this 

- calling line and closes her key so the caller can 
give her the number desired. Then, if the called 
line is not busy, the operator connects the calling 
line to it and rings the party to be called. 

A simple circuit for a telephone of this type is 
shown in Fig. 4. Keep in mind, when tracing this 
circuit, that the current supply comes in on the line 
from the exchange. : 

You will note that a condenser is used here 
to prevent the direct current for the transmitter 
circuit from passing through the bell or receiver 
circuits, 





Fig. 4. Wiring - diagram for a simple telephone to be used on a central 
energy system. This telephone gets all the energy from the line and 
Central supply. 


A condenser will pass or allow alternating current 
or pulsating direct current to flow in the circuit, 
but it blocks or stops ordinary direct current. 


The "talking current," shown by the large arrows, 
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comes in on the left line wire and passes through 
the induction coil primary, hook switch, transmit- 
ter, and back out on the right line wire, When the 
party is talking, the induced current in the secon- 
dary coil, shown by small arrows, flows out through 
the condenser and right line wire, to the receiver of 
the operator or called party; and back in the left 
line wire, through the primary coil, hook switch and 
subscriber's own receiver, and returns to the 
secondary coil. In tracing the receiver and line 
circuit, consider the secondary coil as the source of 
this energy. 

A different symbol is used here for the bell, as 
it is simpler to draw and easier to recognize once 
you are acquainted with it. 





Fig. 5. Photograph of wall type telephone for central energy systems. 


Fig. 5 shows a complete telephone of this type, 
for wall mounting, The bell, condenser and coil are 
mounted in the box, while the receiver is on the 
usual hook on the side, and the back of the trans- 
mitter can be seen in the front of the open cover. 

Note the terminal blocks to which all connections 
are brought and numbered, making it easy to con- 
nect up or test the telephone. 

Fig. 6 shows another telephone of the central 
energy type, for use on a desk. This desk-type 
'phone has the receiver and transmitter mounted 
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on a separate stand for convenient use on the desk; 
while the bell, coil and condenser are in a separate 
: box mounted on the desk or at some nearby location. 


The hook switch is inside the upright handle of 
the stand. 


3. TELEPHONE EXCHANGES 


As already mentioned, the telephone exchange 
serves to connect telephones of one line to those of 
other lines, and there are thousands of these central 





Fig. 6. Common desk type telephone with bell box to be mounted 
separately. 


exchanges throughout this country, to handle the 
many millions of telephones in use. 

The exchange in the small town handles the calls 
of the subscribers in the town, those of rural lines 
calling in to city ’phones, and those of one rural 
line calling through to another line, perhaps run- 
ning out of town in the opposite direction. Thus 
this exchange serves the ’phones in that town and 
surrounding territory. Then it has its Trunk Lines 
connecting to exchanges of other cities, and can 
complete a circuit for oge of its own subscribers, 
through the exchange of another town several hun- 
dred or even several thousand miles away. i 
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This vast network requires many types of elabo- 
rate exchange circuits, which it is not our purpose 
to cover here, as they represent a very highly 
specialized type of work. They also require much 
more time than the average electrician cares to 
spend on such circuits, unless he intends to spe- 
cialize in telephone work. But, in order to give 


you a better understanding of the general operation 
of the exchange in connection with the ‘phones 
we all use daily, and also to give you a good foun- 
dation to work from in case you should later speci- 
alize in such work, we will cover in the following 
material some of the fundamental parts and prin- 
ciples of exchanges. 

Telephone exchanges are of two general types, 
namely, manual and automatic. 

The general function of either type is to receive 
a signal from the calling subscriber, and get a con- 
nection and ring his party on any other line as 
quickly as possible. 

With the manual exchange, the plugging, switch- 
ing and ringing operations are performed by human 
operators, usually girls. With the automatic ex- 
change these operations are performed by electrical 
and mechanical equipment. 


4. SWITCHBOARDS FOR MANUAL 
OPERATION 


Fig. 7 shows a manual exchange or switch- 
board, for handling one hundred lines. These lines 
are brought up to Jacks on the upright part of the 
board. 

On the flat, desk-like, part of the board is a set of 
Plugs, attached to Cords beneath, and also a set of 
Key Switches. Directly above each jack is a Drop 
similar to an annunciator drop. 

When a subscriber on any line signals the oper- 
ator, the little drop window or shutter for his line 
falls down, showing the operator that someone on 
that line is calling. There are two plugs in front of 
that line, one for talking and one for ringing. 

The operator lifts the talking plug and inserts it 
in the line jack opening. Then, by pressing her 
key in one direction, she can answer the Calling 
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Party and receive the number he wishes to call. 


If the line of the party desired is not busy, the 
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Fig. 7. 


A small exchange switchboard of the magneto type, showin 


plugs, jacks, and the operator’s transmitter and receiver. 
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operator then lifts the other plug in line with the 
first one, and places it in the jack of the "called" 
line. Then, by pushing the key in the other direc- 
tion, she can ring the party desired. 


ecoagoco 





Fig. 8. The view on the left shows the manner in which the plug cords 
are held straight by the weighted pulleys. A larger view of one of 
these pulleys is shown on the right. 

By pushing the key back to the listening position 
again, the operator can hear the party answer. 
When he does, she can release the key to vertical 
or neutral position. The parties then carry on their 
conversation through the wires in the cords. 

The cords are equipped with very flexible wires, 
and have weights on little pulleys as shown in the 
‘left view in Fig. 8. At the right is.shown a large 
view of the pulley and weight. These weights.keep 
the cords straight and pull them down again each 
time the plugs are dropped to idle position. 

The operator's head-set is shown lying on the 
keyboard in Fig. 7, and the transmitter is shown 
on an adjustable arm and cord in íront of the 
board. 


Fig. 9 shows a closer view of the keys, plugs, 
and jacks of a board of this type. The key switches 
are shown in the foreground, and directly behind 
these and indicated by the arrow is a row of small 
lamps to show the condition of the circuit to the 
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operator." Behind the lamps are the plugs, and 
above are the plug jacks and drops. 
f 


5. KEY SWITCHES 


A very good view of two switchboard keys is 
shown in Fig. 10. The levers or key handles can 
be pushed in either direction, and their lower ends 
have rollers or cams that push and operate a set of 
spring contacts on either side, depending on which 
way they are pushed. Examine these switches and 
all their parts carefully. 


6. SWITCHBOARD LAMPS 

Fig. ll shows a special type of lamp used for 
switchboard signals, and also two of the glass caps 
or "bull's-eyes" that are used over the ends of the 
lamps. 





Rcs 


Fig. 9. This photo shows very clearly the arrangement of the operator's 
key switch, plugs, and jacks. 


These lamps are made very small in order to 
get them in the small spaces on the boards. The 
actual size is only about one-fourth that of the 
photo in this figure. The bulb is held in the two 
metal clips shown on the top and bottom, and these 
are separated at the base by a piece of hard insula- 

‘ tion. The lamps are pushed into their sockets end- 
wise, and these metal strips make the contacts to 
complete the lamp circuit. The forward end of the 
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lamp is all that shows in the opening they are 
placed in. à 

The bull’s-eyes are made in white and various 
other colors to indicate various circuit conditions, 


7. PLUGS 


Fig. 13 shows a cord plug. These plugs can be 
made with two, three, or more separate metal ele- 


Switchboard Keys 
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Fig. 10. Here we have an excellent view of two key switches, showing 
how the key levers and rollers operate the spring contacts, and open 
and close various circuits. 

ments for as many separate circuits through them. 

The plug tip at the extreme right end is part of a 

small metal rod which runs through the center: 

of the plug to the left end, where the wires are 
attached. Around this is placed a tube of insulating 
material. Then another slightly larger, but shorter, 
metal sleve is fitted over this. Still another tube 
of insulation, and a third metal element are often 
fitted over the first ones, and then an outer shell 
of insulation over the whole. 

The several separate metal elements and ends 
of the black insulating sleeves can be seen in Fig. 

13, which is an actual size view. 
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When these plugs are inserted in the jacks, the 
various jack springs make contact separately with 
each of the plug elements and circuits, 








Fig. 11. The upper view shows one of the special telephone switchboard 
lamps, and below are shown two types of glass caps, or bull’s-eyes 
used with such lamps. £ 


8. JACKS AND DROPS 


A complete jack, with the drop and drop magnet 
counted above it, is shown in Fig. 14. This view 
clearly shows the jack thimble, contact Springs, 
wire terminals, drop magnet, armature, and shutter. 
Examine the photo and printed description very 
carefully. 


z 


Note that the armature to operate the drop is at 

the left end of the drop magnet, hinged at the top, 
and attached to a long lever arm which runs over 
the top of the magnet to the drop latch at the right 
end. This construction enables a very small move- 
ment of the armature to give a greater movement 
at the drop latch. 
. The plug would be inserted from the right in the 
thimble at the lower right-hand corner; and as it 
goes in, its tip and sleeve elements make contact 
with the spring shown. It forces some of the 
springs apart, opening certain circuits, and closes 
others from the springs to the cord wires. 

Fig. 15 shows two diagrams of jack and drop 
circuits from opposite sides, one without the plug 
and one with the plug. 
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In the upper diagram you will note that springs 
3 and 4 are making contact, also springs 5 and 6. 
Springs 5 and 6 close a circuit from the line through 
the drop magnet. 





Fig. 13. Full-sized view of a switchboard plug showing how the several 
circuits are obtained through its tip and insulated sleeves. 


In the lower view, showing the plug inserted, 
we find that springs 5 and 6 have been opened, 
breaking the circuit through the drop magnet, as 
it is not needed while the plug is in. Springs 3 
and 4 are also opened. This is done by an insulating 
piece which is not shown here, but fastens 5 and 3 
together mechanically, so the upward movement of 
5 also forces 3 up. Springs 3 and 4 are not shown 
connected to any circuit in this illustration. 

: Referring again to the lower view, we find that 
the plug has a circuit to its tip and sleeve from 
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Fig. 14. This descriptive diagram shows the parts of a telephone jack 
and drop complete. Examine each part and its description very 
carefully. 


spring 5 and thimble 7, thus making a circuit from 


the line to the cord wires, i 
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9. SIMPLE SWITCHBOARD 
CONNECTIONS 


A sectional view of part of a switchboard is 
shown in Fig. 16. This shows the line connection 
to a simple jack and drop of the separated type; 
and also the plug, cord, and switch connections. 


COMB. DROP AND JACK 


—— 
TOLINE 





@ Fig. 15. The upper sketch shows the electrical connections and position 
of contact springs without the pg inserted. Below are shown the 
electrical circuit and position of springs with the plug in the jack. 

When an impulse comes in on the line, the drop 
magnet releases the shutter, the operator inserts 
one plug and closes her key to listening position. 
Aíter receiving the number she inserts the other 
plug in the.jack of the called line (not shown) and, 


pushes key to ringing position, sending current 

from the board magneto to ring the called party. 
When this party answers, the talking current from 

the two lines flows through the jacks, plugs, cords, 
and key switch. When the conversation is finished, 

the plugs are pulled and dropped to their present 
positions in the diagram, the drop reset, and the 

key restored to normal position. 
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Fig. 17 shows a switchboard with some of the 
cords in'place in the jacks for conversations between 
varioüs lines. 

Many large switchboards use only the signal 
lamps to indicate an incoming call, and do not use 
the magnetic drops. 





Fig. 16. ‘This simple sketch shows the general operating principle of a 
manual switchboard. 

Fig, 18 shows two views of the inside and back 
of a manual switchboard. In the left view you 
can see the drop magnets in the upper section, a 
group of relays in the center, and the induction coils 
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and part of the terminals below. At the extreme 
‘right of this view are shown the wires grouped or 
cabled along the side of the cabinet. 

In the right-hand view the relay panel or.“gate” 
is opened, showing the jacks and cords. 

Fig. 19 shows a small desk type switchboard 
for mounting on a table or desk in private offices, 
where an operator is to be able to call various 
people in the building. 





Pig. 17. Side view of a magneta type switchboard with some of the 
plugs in place in the various line jacks. 


Telephone wiring requires men who are expert 
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in reading plans and making careful and accurate: 
connections of the thousands of wires and devices 
used on the switchboards. 


10. TELEPHONE RELAYS 


The top photo in Fig. 20 shows a telephone 
relay. Its armature is at the right-hand end of 
the magnet, and is bent and hinged to the corner 
of the magnet frame. When the magnet attracts 
the lower end of the armature to the left, its upper 
horizontal portion moves upward at its left end, 
pushing the center contact springs upward. This 
causes them to break circuits with the lower con- 
tacts and make circuits with the upper ones. So 
you see that while these relays are constructed 
differently and are much smaller and more compact 





‘Fig. 18. These two views of the rear of a switchboard show the relays, 
drops, and cords very clearly. Note the neat and compact arrange 
ment of all parts and wires. 


than the pony relays used in alarm and telegraph 
systems, still their operation and principles are 
much the same. 


11. CABLES AND TERMINALS ; 
| The center photo in Fig. 20 shows a piece of 


lead-covered ‘telephone cable with many paper- 
covered wires inside it, and covering of extra in- 


| 
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sulation between them and the lead sheath. Cables 
of this kind are very necessary to carry the vast 
numbers of wires in telephone systems. 

The lower view in the same figure shows a 
terminal block to which a number of wires can be 
neatly and conveniently connected. The wires from 
a cable can be soldered to the lower ends of the 
terminal strips, and the switchboard wires con- 
nected to the other ends by means of the small 
screws shown. 

These terminal blocks greatly simplify the wiring 
and testing of telephone and switchboard circuits. 

In wiring telephone switchboards, ground con- 
nections are also used to simplify much of the 
wiring. Metal strips and plates are used for com- 
mon ground connections to the battery negative 
terminal. This eliminates a number of unnecessary 
wires. 





Fig. 19. Small desk type telephone exchange. 


Some exchanges also use a ground connection to 
earth for ringing their subscribers. | 
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Fig. 12, is a complete wiring 
diagram of a simple manual exchange showing just 
two subscribers’ ‘_phones-connected through the ex- 
change. The different circuits are marked with 
different kinds of arrows and symbols: 

Trace out carefully, one at a time, the transmitter 
and receiver circuits of the calling subscriber’s 
*phone at the left, and through the exchange to the 
called subscriber's ‘phone at the right. Also trace 
the operator’s magneto and calling circuit to the 
called ‘phone; and the operator’s talking circuit. 
Note the positions the various kevs must be in to 





Fig. 20. The upper view shows a telephone relay. In the center is 
shown a section of telephone cable. Below is a group of terminal 
springs in a terminal block. 


get the different circuits closed, and in order to 
trace some of the circuits it will be necessary for 
you to imagine certain switches are closed to the 
opposite positions. 

There are many other types of exchange circuits, 
and this simple one shown here is more typical of 
an army field telephone exchange, but is: chosen 
because of its simplicity and just to give you a good 
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idea of their general nature. 

Fig. 21 is a simplified diagram showing how 
a call from one subscriber is routed through his 
local exchange over a trunk line to the distant 
exchange and from there to the called subscriber. 


TRUNK 
MANUAL 


ANSWERING | TRUNK TACK 








Fig. 21. Simple “one-line” d.agrara showing a te<phone ci.cuit through 
two exchanges and a trunk line. 








Fig. 22. This photograph shows a section of a large manual telephone 
exchange. Each operator controls a section of the board 


This sketch is what is known as a one-line dia- 
gram, using only one line to trace the pairs of line 
wires actually used. 
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Fig. 23. Rear view of a central excha 
neat and compact manner in whi 
to simplify connections and test 


nge switchboard. Note the very 
ch all parts and wires are arranged 
ing of such exchange units. 


In apartment houses and offices, small telephone 
installations called inter-communicating systems 
are often used. 


Any party of the group can call any other party 
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by means of proper push buttons. There are sepa- 
rate push buttons and call circuits for each ’phone. 





Fig. 24. Photo diagram of several types of inter-communicating tele- 
phones, showing their connections and batteries, and ringing and 
talking wires. Such telephone systems are commonly used to com- 
municate with various offices in one building. No exchange or 
operator is needed, as each party is called by one of a number of 

push buttons. 


These systems are very useful and practical 
where the lines are not long and where the system 
is not large enough to pay to keep an operator. 

Fig. 25 shows the wiring diagram for three 
such ’phones. Trace out the talking and ringing 
circuits, and the operation of the system will be 
clearly understood! A, B, and C are groups of push 
buttons for calling the different ’phones. The num- 
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bers on each button contact indicate which 'phone it 
will call. 


Fig. 24 shows a photo diagram of five different styles 
of 'phones which can be obtained for such inter-com- 
municating service. 











Fig. 25. Wiring diagram of three telephones on an inter-communi- 
cating system. 





Fig. 26. Two types of inter-communicating telephones. The one on 
the Hebe Mus the call buttons on the base of its stand. 


Fig. 26 shows two types of inter-communicating 
'phones, one with the push buttons on a desk block, anu 
the other having them.on its base.. 
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EXAMINATION QUESTIONS 


1—Name the six important parts of a telephone 
such as used on a rural party line. 


2—Will the bell shown in Fig. 2, ring when the 
receiver is off the hook? Why? 


3—Are batteries used on each subscribers’ tele- 
phone in City systems? 
4—What kind of a bell is shown in Fig. 3? 


5—Referring to Figs. 2 and 3, what piece of 
„electrical equipment do you find is used in supplying 
the bell ringing current? 


6—Where-is the power supply located for oper- 
ating a telephone such as shown iby Fig. 4? 


7—What kind of current will a condenser allow 
to flow in a circuit. (b) What kind of current will 
a condenser stop? 


8—Why are telephone switch-board lamps small 
and slender? 


9—Do all telephone switch-boards use magnetic 
drops? 


10—What is the purpose or advantage of tele- 
phone terminal blocks? 
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AUTOMATIC TELEPHONES 


Automatic exchanges do all switching, ringing, 
and signaling by means cf electrical and mechan- 
ical equipment. This not only saves the cost of 
labor of numerous operators, but accomplishes 
faster and more accurate operation. It provides 
much more complete privacy for telephone conver- 
sations, and, because it is purely electrical and me- 
chanical, the possibility of human errors is largely 
eliminated. 

The automatic telephone exchange is undoubted- 
ly one of the greatest triumphs of telephone en- 
gineering, and they are rapidly replacing many 
of the largest manual exchanges in this country. 

There are several different types of automatic 
telephone equipment, and most of them are still 
undergoing rapid changes in the processes of devel- 
opment and perfection. One of the most successful 
systems is call the “Strowger System,” after the 
man who developed it. 

Complete automatic exchange circuits require a 
great deal more time and study than most students 
would care to spend on the subject, unless they 
were preparing to specialize in this work. The fun- 
damental principles of this equipment, however, can 
be quite simply explained. 

The following paragraphs are intended to give 
you a good understanding of automatic telephones. 


1. SIMPLE OPERATING PRINCIPLE 


* 


The Strowger System uses what is known as the 
"step by step" equipment. When the subscriber 
wishes to call a certain party, he dials the desired 
number with the dial on his own telephone. This 
dial in its rotation sends a number of impulses 
to magnets and relays at the exchange, causing 
them to move'a selector element which picks out 
the desired line. Other parts of the mechanism 
then test the line to determine whether it is busy 
or not, and if it is clear an automatic switch starts 
ringing the desired number. 
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2. DIALS, CONSTRUCTION, AND 
OPERATION. 


The principle difference between a subscriber’s 
phone to be used on an automatic exchange and 
those for manual systems is the dial. The trans- 








+ 





Fig. 1. Desk telephone equipped with dial for use on automatic" 
exchange systems. 


mitter, receiver, and other parts remaining funda- 
mentally the same. 

Fig. 1 shqws an ordinary desk telephone, 

equipped with a dial for automatic operation. You 

’ will note that this dial has ten holes or finger open- 

ings, around the outer edge of the rotating part. 

When this finger plate rests in the normal posi- 

: tion, there is a number on a white stationary disk 

` directly under each of these openings. Starting at 
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the one on the right hand side, and reading counter- 
clockwise, these numbers are .l, 2, 3, 4, 5, 6, 7, 
8, 9 and 0. 


When the subscriber wishes to dial or call party 
No. 246, he places his finger in the opening over 
No. 2, and pulls the dial around to the right until 
his finger strikes the Stop Hook shown at the bot- 
tom of the dial, and then releases it. He then places 
his finger in the opening over No. 4, and again pulls 
the dial around to the right until his finger is 
stopped by the hook. Once more the dial is re- 
leased, and allowed to return to normal position. 
Then No. 6 is dialed in the same manner. 


Each time the dial is rotated clockwise it catches 
and winds a helical spring inside the case, and a 
pawl secured to the rotating plate slides over the 
teeth of the ratchet on a combined ratchet and gear 
wheel. When the finger plate is released the spring 
causes it to return to normal position, and the pawl | 
in this backward movement engages the ratchet and 
gear wheel, turning them back with it at a definite 
speed a certain exact distance for each number 
dialed. 


3. IMPULSE SPRINGS. 


The rotation of this main gear drives a smaller 
gear or pinion at higher speed, and this pinion ro- 
tates an Impulse Cam, which rapidly opens and 
closes a set of contacts or Impulse Springs. By 
means of a worm wheel the pinion also rotates a 
small speed governor, which causes the gear and 
dial to turn at a definite speed. This, of course, 
is necessary to make the impulse springs open and 
close at regular intervals. 

Fig. 2 is a sketch showing the various parts 
we have just mentioned. Examine this sketch 
closely, and observe how the main gear drives the 
pinion, impulse cam, and governor. In the lower 
right hand corner of the sketch another view of 
the cam and impulse springs is shown. The ar- 
rows indicate their position with respect to the 
other parts. This view of the governor shows 
quite clearly how it operates. 

If the governor shaft attempts to ratte too fast 
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the small governor balls fly outward on their 
springs, due to centrifugal force, and rub the inside 
of the cup, thus retarding the speed of the mecha- 
nism. 


SPRINGS 





Fig. 2. This sketch shows the mechanism and operating principles of 
the dial and impulse springs. 


FINGER PLATE 


RATCHET -GEAR 


WORM WHEEL 


MAN SPRING 


v 
PHENOL-FIBRE CAM 





Fig. 3. Another view showing some parts of the dial mechanism more 


clearly. 
' 


Fig. 3 shows another view of this same mecha- 
nism, in which some parts can be seen a little more 
clearly than in Fig. 2. 
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Fig. 4 shows a photo of the complete dial 
mechanism. In this view you can get an excellent 
idea of the arrangement of the parts. In addition 
to the impulse springs at the left of the cam, you 
will also note an extra set of spring contacts called 
“Shunt Springs.” These are used to temporarily 
short circuit the other parts of the telephone, during 
ringing operation. This is necessary because it 
would be difficult to send the ringing impulses 
through the resistance of these other parts. 


These springs are operated by a small additional 
cam as soon as the dial is turned from the “off- 
normal” position. But they are opened as soon as 
the dial returns to normal. In addition to cutting 
out the resistance of the other telephorie parts, 
these springs also prevent the clicking that would 
otherwise occur in the receiver during the opera- 
tion of the dial. 


SHUT 


“SPRINGS 


IMPULSE _ 
SPRINGS 





i i 
Fig. 4. This photograph shows an excellent view of the impulse springs 
and cam, shunt springs, and governor of a dial. 


i 


The impulse cam revolves one-half revolution for 
each movement of one number on the dial, and as 
the cam has two projections it opens the impulse 

‘springs twice in each revolution. Thus when we 
dial the number 8, the cam makes four revolutions, 
and opens the spring contacts eight times. The dial 
is so set with a certain distance from the number 
1 to the finger hook, that an extra one-half revolu- 
tion is made each time any number is dialed. This 
will be explained later. 

* 
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Fig. 5 shows a better view of the top of the 
dial, and its numbers. 


4. LINE BANKS AND “WIPER” 
CONTACTS. 


The various groups of impulses, sent into the 
exchange by dialing different numbers, cause cer- 
tain relays: to energize as each impulse passes 
through them. These relays and magnets, as be- 
fore stated, perform the switching and ringing 
operations.’ 

In order to enable you to understand this equip- 
ment and these circuits more easily, let us first 





Fig. 5. Front view of dial, showing finger plate, holes, numbers and 
finger stop. 

examine the arrangement of the various line termi- 

nals at the exchange. 

For an exchange to‘handle 100 lines, the terminals 
of the lines would be arranged in a Bank of Con- 
nectors as shown in Fig. 6. 

In orde: to eliminate unnecessary wires and sim- 
plify this figure only two telephones, Nos. 14 and 
33, are shown connected to the bank at present. 
At first glance the arrangement of the line numbers 
in this connector bank may seem peculiar, but sup- 
pose some automatic device was to move, the 
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Wipers of the calling telephone step by step, up 
into this bank and select a certain line, say No. 14. 

One step upward would bring the wipers in line 
with the lower row of connectors. Then four steps 
to the right would bring them in contact with No. 
14. Dialing the numbers 1 and 4 would have ac- 
complished this 


CONNECTOR BANK 


CALLING TELEPHONE 








Fig. 6. Simple sketch showing the arrangement and principle of the 
connector bank of an automatic exchange. 


Then suppose we dial the number 33. The first 
three impulses sent in by the dial would cause the 
switching magnet to lift the wiper three steps 
bringing it in line with the third row of contacts 
from the bottom. The next three impulses received 
would cause the wipers to make three steps to the 
right, and engage line No. 33. 

So we find that these numbers are arranged as 
they are, for convenience and simplicity in the 
operation of the mechanical selector. 


This figure gives us some idea of the arrange- 
ment of the various lines and the connector bank 
at the exchange. 


5. WIPER SHAFT AND SELECTOR 
MECHANISM. 


Fig. 7 shows a sketch of the wipers attached | 
to the shaft which raises and rotates them step 
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by step. It also shows the Vertical Magnets—V. 


M., and the Rotary Magnets—R. M., which lift and 
rotate the shaft step by step. 
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Fig. 7. This diagram shows the arrangement of the selector mechanism 
with its vertical magnets, rotary’ magnets, wipers, and wiper shaft. 
By means of a special relay in the exchange cir- 
cuit the ‘first impulses which are sent in by the 
dial come to the lifting magnets, and the next group 
- of impulses are switched to the rotary magnets. 
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Fig. 9 shows photos of both sides of one of 
these selector units. 

Figs. 7 and 9 should be referred to while tracing 
out the circuit diagram in Fig. 8. 

At the top of each unit in Fig. 9 are the relays 
which perform different switching operations in the . 
exchange circuit. Underneath these are the vertical 
magnets or lifting magnets, and below are the 
rotary magnets. 

On the shaft are two sets of notches called the 
Vertical Rack and Rotary Rack respectively. These 
are engaged by the hooks which are operated by 
the lifting and rotary magnets. 

After the selector has completed a connection to 
a certain line, and the conversation is finished, then, 
when the subscriber hangs up his receiver, it closes 
a circuit to the Release Magnet, which trips the 
locking mechanism, allowing the wipers and shaft 
to return to normal position by the action of a 
spring and gravity. 


6. SIMPLIFIED CIRCUIT OF IMPORTANT 
PARTS. 


In Fig. 8 is shown quite a complete diagram 
of the more important circuits of the automatic 
exchange. 

It is not at all necessary for every student to 
irace and understand this diagram at present, but 
it provides excellent circuit tracing practice, and 
if you are sufficiehtly interested in the principles 
of automatic telephones, or should later decide to 
prepare to specialize in this field, this simplified 
circuit should be of great help to you in obtaining 
an understanding of the most important parts. 

In order to trace a circuit of this kind, it is | 
necessary to do it step by step, and very carefully. 

If this method is followed, it will be found very 
interesting and not'nearly as difficult as it first 
appears. 





This diagram shows a complete connection be- 
tween a calling telephone, the automatic exchange, 
and the called telephone: Each circuit is traced 
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with different types of arrows to make them easier 
to follow. 
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an automatic telephone exchange. 
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The equipment in the calling phone consists of 
an ordinary transmitter, receiver, bell, condenser, 
and switch hook; and in addition to these, the 
impulse springs, and shunt springs used with the 
dial telephone. 
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As soon as the receiver is lifted from the hook, 
the hook switch will close the circuit, shown by 
the small solid arrows, from the positive terminal 
of battery No. Z through the top winding of relay 
“L.” Then through the’ shunt switch, impulse 
springs, and top contact of the hook switch at 
caller’s ‘phone, back through the lower winding of 
relay “L,” and to ground. 


You will note that the ground connections in 
this circuit are returned to negative of the bat- 
teries, so when starting to trace a circuit from any 
battery, as soon as this circuit is completed back 
to ground, you will know it has returned to nega- 
tive of the battery. 


To simplify this circuit a number of separate 
batteries are shown. ` 


These current impulses in the circuit we have 
just traced, will cause relay “L” to become ener- 
gized and attract its armature. When this arma- 
ture is pulled down it closes a circuit shown by 

d the large solid arrows from the positive of battery 
No. 3, through the coil of relay “R,” “make” contact 


of relay "L", and to ground, which completes this 
circuit. 


The term "make contact" is used here, meaning 
the contacts made when the relay is energized and 
the armature attracted. The term “break contact” 
when used, means the contacts that are closed when 
the relay is de-energized. In other words, the con- 
tacts made when the armature is attracted are 
referred to as “make contacts”. Those made when z 
the armature is released are called "break contacts". 





When the circuit just traced through relay “R” 
is completed this relay becomes energized and at- 
tracts its armature. So we find that both relays 
“L” and “R” became energized merely by the sub- 
scriber removing his receiver from the hook. 


Now, assume that he dials the figure 1. When - 
the dial is released, and as it returns to normal, 
the cam is rotated one-half turn, and opens the 
impulse spring once. This momentarily opens the 
circuit of the line relay “L”, which is de-energized 
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for an instant, and its contacts open the circuit of 
release relay “R”. 


However, relay “R” remains energized through 
this short period even though its circuit was mo- 
mentarily opened. "This is because it is a Slow 
Acting relay, and does not release its armature the 
instant the current is interrupted, but holds it for 
about a second afterward. This will be explained 
later. . 


If the calling subscriber now dials the number 7, 
opening the impulse springs seven times, the cir- 
cuit of relay *L" will be broken each time, and 
allow its armature to release momentarily seven 
times. Each time it releases, the circuit of relay 
“R” is broken for an instant, but relay “R” acts too 
slowly to de-energize and release its armature dur- 
ing these periods, so it remains closed throughout 


the seven short interruptions of its circuit. But 
something else did happen. 


Keeping in mind that the armature of relay “R” 
is now attracted to the “make contact”, we find 
that the first time the armature of relay "L" was 
released it closed a circuit shown by the small open 
arrows from the positive of battery No. 5 through 
the vertical magnet, V.M., through relay "S", 
"break contact" of O.N.S., "make contact" of relay 
"R", "break contact" of relay "L", and to ground. 


The letters "O.N.S." stand for Off Normal 
Switch, which will be explained later. 


This circuit we have just traced energizes both 
the vertical magnet and relay "S". Relay "S", be- 
ing another slow acting relay, will retain its arma- 
ture in an attracted position during current inter- 
ruptions of a fraction of a second. 

The second time the armature of relay “L” was 
released it allowed current to flow, as shown by 
the large open arrows, from positive of battery No. 
5 through vertical magnet and relay “S” again, then 
through the “make contact" of relay "S," "make 
contact" of.the off normal switch, "make contact" 
of Relay “R”, “break contact” of relay “L,” and 
to ground. 
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The off normal switch is operated by the line 
wiper shaft as soon as it moves from off normal 
position. So as soon as the dialing operation is 
started, the first movement of this shaft closes cer- 
tain contacts and circuits, but when the shaft is 
dropped and allowed to fall back to normal, it again 
opens these circuits. 

Shortly after the last impulse of current has 
passed through the relay “S” it will de-energize and 
cannot again become energized, because the circuit 

; has been opened at the off normal springs. Each of 
the.seven impulses passing through the vertical 
magnet causes it to raise the wiper shaft one step, 


so the line wiper will now rest in line with the sev- 
enth row of line bank contacts. 


Now we are ready for the subscriber to dial the 
second number. Let's assume that he dials No. 5. 
This again rapidly opens the line circuit five times, 
causing the line relay "L" to release momentarily 
the same number of times. Each time relay “L” 
is de-energized, now since the off normal switch is 
opened, a circuit can be traced as shown by the 
small dotted arrows from the positive of battery 
No. 4, through the rotary magnet R. M., break 
springs of relay “S,” “make contact” of off normal 
springs, “make contact” of relay “R,” “break con- 
tact" of relay "L," and to ground. 


These impulses in this circuit will cause the ro- 
tary magnet to become energized each time and 
rotate the wiper shaft, carrying the wipers five steps 
to the right. This brings them in contact with No. 
75 of the line bank, as indicated in the diagram. 


The dotted lines from the normal position of the 
line wipers show the upward movement of the shaft 
caused by the vertical magnet, and the rotating 
movement to the right caused by the rotary mag- 
net; and they show the circuit which will now be 
completed to the called subscriber’s telephone. 


_ As soon as the line wipers are in contact with 
No. 75 in the bank a circuit is completed through 
the bell of the called telephone. This circuit can 
be traced (backwards) by the large dotted arrows 
from the top brush of the generator, through Inter- 
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mittent Ringing Switch, "break contacts" of relay 
"C". lower switch spring and lower. contact No. 75 
on the bank, "make contact" of hook switch, bell 
and condenser, then back to the upper contact in 
the bank and upper wiper spring, on through the 
top "break contact" of relay "C," low resistance 
winding of relay "C," through battery No. 6, to 
ground, 


This is a long circuit to trace and should be gone 
over again until you have it well in mind. 


You will note that relay “C” has two windings, 
one of low resistance and the other a high resistance 
coil of many more turns. The low resistance coil 
is to receive a heavy current impulse to first attract 
. the relay armature, then the high resistance lock- 
ing coil will hold the armature atracted with less 
current. ` 7 


The current from the generator is A. C. and will 
not energize the coil of relay “C.” The intermittent 
switch at the generator keeps making and breaking 
the circuit at regular intervals, so the called sub- 
scriber’s bell rings for short, repeated periods and 
not continuously. 


This flow of alterating current. through battery 
No. 6 to ground does no particular harm to the 
battery. We will remember from an earlier article 
that the alternating current will pass through the 
condenser at the bell, but this same condenser will 
not allow direct current to pass. As soon as the 
called subscriber lifts his receiver off the hook a 
flow of direct current from battery No. 6, and 
traced by the round dots, passes over the same 
circuit we have just traced to the bell, except that 
the bell is now cut out by the hook switch, and 
the transmitter is placed across the line. 


Trace this carefully by following the round dots. 
This flow of direct current will now energize the 
low resistance winding of relay "C," closing contact 
"UK," which acts quickly before any of the other 
contacts of this relay can move, thus closing a 
lock circuit in which current flows from the positive 
of battery No. 6 through the high resistance wind- 
ing of "C," lower "make contact" of relay "C," 
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“make contact” of relay “R,” and to ground. This 
circuit is traced by the square dots. 

With relay “C” fully operated, the talking circuit 
is now complete through both telephones. This 
circuit can be traced by the short dashes across the 
line. d 
, Now, when the calling subscriber hangs up his 
receiver and breaks the circuit through the line 
relay "L," it in turn releases and breaks the circuit 
through relay “R,” which, after an instant of delay 
because of its slow action, releases its upper arma- 
ture and makes the circuit from battery No. 1 
through the release magnet “Y,” “make contact" of 
off normal spring, "break contact" of relay “R,” 
“break contact” of relay “L,” and to ground. 

This circuit will energize the release magnet “Y,” 
which trips the wiper shaft, allowing it to fall back 
to normal position. This action interrupts the cir- 
cuit of release magnet “Y,” because the dropping 
of the wiper shaft opens the “make contact” of the 
off normal spring. 

When relay “R” was de-energized it also opened 
the high resistance locking circuit of relay “C,” 
allowing its contact to move back to normal posi- 
tion. 


Telephone No. 48 merely shows where another 
telephone of this number would be connected in 
the back. Itis not expected that you will perfectly 
understand all of this diagram the first time you 
trace it through, as it is rather complicated and 
one which requires some time to absorb. But if 
you are interested enough in this branch of work 
to trace each step of the operation through this 
circuit several times it will not only be excellent 
practice, but will give you a good understanding of 
the fundamental principle and more important parts 
of this type of automatic telephone. 


There are a number of other auxiliary relays and 
contacts used with this equipment in larger ex- 
changes where it is necessary to have a number 
of line banks from which to select. 
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* There is also an added mechanism which auto- 
matically tests out any line before completing the 
calling circuit. If that particular line is busy at 
that instant, this relay will close a circuit which 
gives an intermittent buzzing note to the calling 
subscriber, indicating that the line he desires is 
busy. 





Fig. 10. Two types of slow acting relays. The one on the left has a 
short-circuited coil of a few turns, and the one on the right has a 
lacger copper ring around the end of the core. 


7. SLOW ACTING RELAYS 


The slow acting relays used with these automatic 
telephones are very interesting devices. In addition 
to the regular winding on the core there is also a 
heavy ring of solid copper placed around the core 
end. Or, in some cases, just a short-circuited wind- 
ing of a few turns. This copper sleeve, as it is 
called, acts as a single turn secondary winding. 


When the current is interrupted in the main coil 
of the relay its collapsing flux induces a rather 
heavy current in this copper ring. The extremely 
low resistance of this ring circuit allows the current 
flow to continue with infinitely small voltage, and 
as long as there is any flux left from the decreasing 
current, both in the main coil and in the ring itself. 

This persisting flow of current in the ring devel- 
ops enough magnetism in the core to cause it to 
retain its armature a little longer. Thus we get 
the term "slow acting" relay. 


By changing the size of these copper rings, or 
the number of turns when a shorted coil is used, 
we can vary the amount of time the relay will delay 
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its action from a, very small fraction of a second 
to one or more seconds. : 

Fig. 10 shows two sketches of relays of this type. 
The one at "A" uses a short-circuited coil. The 
one at “B” uses a copper ring. : 





Fig. 11. This sketch shows the use of a dash-pot to slow the action 
of solenoids and electro-magnets. 


Some relays have what is called a "dash-pot'* 
attached to their armature to slow its action. These 
dash-pots may consist of a plunger in a cylinder 
filled with oil or air which only allows the plunger 
to move rather slowly as the oil or air escapes past 
the edges or through the small opening in the 
plunger. 

Fig. 11 shows a relay equiped with such a dash- 
pot. 


Various selective circuits can be arranged in 
automatic telephone systems by the use of con- 
densers and choke coils of different sizes. 


A condenser placed in the circuit of certain relays 
will only allow alternating current to pass through 
and stops all flow of, direct current. A choke coil, 
however, will allow direct current to pass rather 
freely, but quite effectively blocks the flow of alter- 
nating current. 

Many of the telephones being installed nowadays 
for use with manual exchanges are also equipped 
with a place to mount the dial, because in many 
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localities it i$ expected that the automatic exchange 
will replace the manual in a short time. 


Fig. 12 shows a very convenient, modern type of 
desk telephone. With this telephone the -receiver 
and transmitter are both mounted on one handle, 
so the subscriber doesn't have to move a transmitter 
stand close to his mouth to carry on a conversa- 
tion, This receiver and transmitter, when not in 
use, are laid in a “cradle” which has a small strip 
in the bottom that is attached to a spring in the 
stand. This operates a hook switch each time the 
receiver is removed from or replaced in the “cradle ” 





Fig. 12. Modern desk type telephone equipped with dial for automatic 
operation. 


8. TELEPHONE LINES 





The operation of the millions of telephones in 
this country today requires a vast network of 
telephone lines. These lines can be divided into 
two general classes—the small individual or party 
lines which connect one telephone or a small group 
of telephones to the central exchange, and main 
lines, or Trunk lines, as they are called, which con- 
nect from one exchange to another. 

The individual or party lines, of course, are only 
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in use when the subscribers whose telephones are 
on them are talking. 

The trunk lines, however, carry the main business 
between exchanges and large towns, and are kept 
busy the greater portion of the time. These trunk 
lines might be called the arteries of the telephone 
system and are fed by the smaller branch lines from 
each exchange. 


9. GROUND CIRCUITS. CABLES 


Some telephone lines are made up of two insu- 
lated wires for each circuit and known as metallic 
circuits. Other lines use one insulated wire on the 


poles and the other side of the circuit is completed 
through earth by carefully made ground connec- 
tions. Some lines which use a two-wire or metallic 
talking circuit use a ground circuit for ringing. 

Telephone line wires are usually bare and with- 
out any insulation except the small glass insulators 
which support them on the poles. Under normal 
conditions this is sufficient insulation because they 
do not operate a high voltage. Many telephone 
lines use galvanized steel wire and some use copper 
wires. Most all of us have seen trunk lines follow 
ing highways or railroads from one town to another 
and with their dozens of wires on numerous cross. 
arms on the poles. This type of line is being re- 
placed in many localities by the more compact tele- 
phone cables. )j 

The large masses of open wires on the older lines 
offer a great deal of wind resistance and accumulate 
enormous loads of sleet at certain times of the year. 
This has a tendency to break down poles and dis- 


able the lines, makitig them very costly to keep in 
repair. Where cables are used, one lead sheath 
about 2 to 3 inches in diameter may carry from 500 
to 1,200 pairs of small wires. These individual 


` wires are all insulated from each other with proper 


wrappings and the entire cable insulated from the 
lead with an additional wrapping. Such cables are 
very heavy and not strong enough to support their 
own weight between long spans. Therefore, they 
are usually supported by what is called a “Mes- 
senger” cable made of stranded steel wires, and to 
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Transposition 
which the lead cable is attached at frequent inter- 
vals by means of hooks or wire supports. e| 


The lead sheath protects the wires from moisture 
and injury, and cables of this type can be run un- 
derground in cities, as well as overhead on poles 
across the country. In connecting or repairing such 
cables the small wires are spliced separately, sol- 
dered, and carefully reinsulated with sleeves of 
paper or other insulation over the splice. The 
numerous splices are often staggered or made a 
few inches apart to prevent too large a bulge in the 
cable at the joints. 


When the wires are all spliced; a large lead 
sleeve, which has been previously slipped over the 
cable, is then slid over the splice and sealed in place 
with hot lead, similar to a “wiped” joint in lead 
piping. 

The entire splice is then dried out by pouring 
hot parafin through it and finally filled with parafin 
or other insulating compound, and the small filler 
hole in the lead sleeve is then sealed tightly 





All moisture must be kept from the inside of such 
cables and splices. 


10. LIGHTNING PROTECTION AND | 
TRANSPOSITION | 


Where open wire lines are used, it is customary 
to run lightning ground wires from the top of cer- 
tain poles along the line down to an earth ground 
at the bottom of the pole. These wires serve as | 
small lightning rods to drain severe static charges 
and lightning from the telephone line. Small light- 
ning arresters are often used at the ’phones on rural 
party lines to ground any lightning charges and 
prevent damage to telephones and property. 


Where telephone lines run parallel to power lines 
they often pick up, by magnetic induction, an inter- 
fering hum. To avoid this, the pairs of wires should 
occasionally be crossed into opposite positions on 
the poles or cross arms, so that one wire will not 
be.closest to thé transmission line throughout its 
entire length. 
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Phantom Circuits 7 


This crossing of wires to prevent induced inter- 
ference is known as transposition. Sometimes it is 
also done to avoid “cross-talk” or induction from 
other telephone wires. 


Transposing the wires frequently and evenly will 
balance out most of this induction. Telephone lines 
should-never be left close enough to high voltage 


power lines so that there would be danger of them 
coming in contact with each other, for in case they 
did people using the telephone lines might be in- 
jured. 


Satisfactory telephone operation depends to quite 
an extent on proper line construction. Therefore, 
all telephone lines should be made with the proper 
materials and the wires properly spliced with low 
resistance joints, ground connections kept in good 
condition, etc. 


11. PHANTOM CIRCUITS 


Considerable economy and saving of wire can be 
effected in telephone line construction by the use 
of what are known as “Phantom” circuits. By this 
method one additional circuit can be obtained for 
each pair of lines already in existence. This can 
be done without the addition of any other wires, 
merely by using two existing lines, one to form 
each side of the new line or phantom circuit. 


By the use of proper induction coils, or Repeater 
Coils, as they are called, a ‘conversation can be 
carried on over this phantom line without inter- 
fering with either of the two actual lines. A re- 
peater coil is simply a transformer with primary 
and secondary windings of an equal number of 
turns. 


Fig. 15 shows the manner in which a phantom 
circuit is obtained from two metallic circuits. Lines 
No. 1 and 2 are ordinary metallic lines or physical 
circuits using repeater coils to transfer the current 
impulses from the transmitter circuits to the lines. 
Line No. 3 is a phantom circuit obtained by con- 
nection of its coil to the exact center of each of the 
others on lines 1 and 2. With this connection the 
current in line 3 can divide equally through each 
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of the other lines or pairs of wires and, therefore, 
dos not interfere with their talking currents at all. 

With four metallic circuits we can obtain two 
phantom circuits directly, and then a third phantom 
circuit between the first two, so we find that where 
a considerable number of trunk lines are run from 
point to point a large number of phantom circuits 
can be arranged to use the same lines. 


o NO.) PHYSICAL CIRCUITS 


O NO.2 PHYSICAL CIRCUIT 





Fig. 15. Elementary sketch showing how a phantom circuit is obtained 
from two metallic or physical circuits. 


This practice is also followed in telegraph work. 

Telephone lines, if uséd on trunk circuits and spe- 
cial radio station wires, aré constructed with a 
carefully determined amount of resistance. Special 
resistance and impedance coils are placed in the 
circuit of such lines to make them most efficient 
in the handling of certain frequencies set up by 
voices or musical notes. This principle will be 
more fully explained in ‘a later section on radio. 

Operators of radio broadcast stations fre- 
quently lease wires from the telephone companies 


to use in picking up and transmitting certain news 


or entertainment features at quite a distance from 
a broadcast station. Telephone systems are be- 
coming more and more linked up with radio sta- 
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tions, not only for amusement programs, but for 
the trans-oceanic and commercial conversations as 
well. 


12. TELEPHONE TROUBLES 


Faults and troubles arising in telephones or tele- 
phone exchanges can usually be located by the same 
general methods of systematic testing that have 
been covered in connection with other signal cir- 
cuits. A diagram of the wiring and connections is 
always of the greatest help in testing any telephone 
circuit. 

Some of the more common telephone troubles 
which occur in the separate parts, such as a trans- 
mitter, receiver, hook switch, etc., have already been 
mentioned. Other likely places to look for faults 
are at the spring contacts of key switches and re-, 
lays, which may have become burned, dirty, or bent 
out of shape; wire terminals, which may have be- 
come corroded or loose on the binding screws; weak 
batteries, weak magmeto magnets, weak receiver 
magnets, etc. 


Telephone circuits and equipment can often be 
tested very conveniently with a telephone receiver, 
as well as with test lamps and buzzers. The re- 
ceiver can be used to determine if the talking cur- 
rent is coming through to certain circuits, and also 
to determine whether high resistance circuits are 
completed or not, by the clicks which should be 
heard in the receiver when its terminals are touched 
to any line circuit, 


Careful application of your knowledge of the 
principles of fundamental telephone parts and cir- 
cuits and methods of systematic trouble shooting 
should enable you to locate most any of the ordi- 
nary troubles in telephone equipment. 
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Automatic Telephones 


EXAMINATION QUESTIONS 


1.—Give the name of one automatic Telephone 
system that has proven to be very successful. 


2.—Is a central operator required to complete a 
call on an automatic system? 


3.—W hat operation does the impulse cam perform 
on an automatic Telephone? 


4.—For what are shunt springs used in the auto- 
matic Telephone? 


5.—What operation does the release Magnet per- 
form? 


6— What is the main difference between a "slow 
acting" relay and an ordinary relay? 


7.—Do all telephones require two lines wires? 


8.-—For what purpose is the MESSENGER cable 
used? 


9.—How may telephone wires be arranged to pre- 
vent “cross-talk” or inductive interference? 


10—What advantage is there in using Phantom 
Circuits? 
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Top left shows wall mounted Monophone for home or office. Top 

right is the latest type "Two line" Monophone. Lower left shows 

compact Monophone mounted on side of desk— this saves $pace on 

the desk itself. Lower left is a telephone set combining all the 

grace and beauty of the telephonic science. All these photos show 
Automatic Electric Company equipment. 
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A 


Alarm, plug in types, 291 
Automatic signal machines, 288 
balancing systems, 277-278 
fire equipment, 279-282 
heavy duty bells, 286 
“Howlers” signal horns, 287 
photo—Benjamin Electric, 290 

H. Channon, 291-292 
signal recorders, 283 
“Vitalarm” type, 295 

Annunciators, 245-252 
locating faults of, 251 
principles of, 246 
terminal tests of, 248 

Ammeter, photo, 20 

Ampere hour, definition, 20 

Automatic telephone, 381-401 


B 


Balancing alarm systems, 277-278 
Bells, bias polarized, 342 
door signal, types of, 316 ‘ 
muffling of, 220 
signal, vibrating, single stroke 
& combination, 211-217 
simple call, 188 
troubles of, 213 
Belts, static in, 176 
Burglar alarms, 203 
Buzzers, signal, 219-221 


Cc 


Current, electric, 16-20 
Cables, telephony, 396 
Call systems, 297-321 
Capacitance, 171-172 
Capacitors, 171 
Cells, 88-106 
air-cell battery, 100 
current & voltage of, 89 
Daniell type, 91 
dry type of, 96 
Edison primary type, 93 
efficiency of a battery, 102 
electrolyte, 100 
gravity type, 92 
Coils, magnetic fields around. 136 
Coils, primary & secondary, 88 
Cells, storage cells, 100 
two fluid types of, 91 
voltage & current of. 89 
Changes, chemical in battery, 22 
Charge, of electricity, 169 
Chemical, changes in battery, 22 
Chimes, electric signal types, 318 
Circuits, 276-295 
complete electric (diagram), 15 
electrical, 13-16 
holding relay. 271-275 
open circuit holding, 272 
Conductance, 34 
Conductors, resistance 
types of, 6 
Connections, 62-68 
combined series & parallel, 81-87 
examples. series & parallel, 
84-86 


in, 33 


Connections, Cont'd, 
lock switch (alarms), 27 
parallel, 52-61 
parallel (diagrams), 53-56 
polarity of, 80 
series, 38-39 


D, ` 


Diagram, construction dry cell. 96 
Dielectric, constant, 172 


E 


Electric charges, produced by 
friction, 174 
Electricity, 
alarm circuits, 276-295 
annunciators, 245-252 
automatic telephones, 381-401 
call systems, 297-321 
capacitance, 171-172 
cells, 88-106 
chemical action of, 87 
circuits of, 13-16 
combined series & parallel 
connections, 81-87 
conductance, 34 
conductors of, 6 
current of, 16-20 
efficiency of apparatus, 102-106 
electricity in motion, 109 x 
electrolysis, 106 
‘electromagnetic induction, 
155-169 
electromagnetism, 131-155 
electromotive force, 21-24 
electroplating, 106 
energy, 68-79 
how it behaves, 1-8 
how tó find a network, 62 
insulators of, 7 
lightning, 177-178 
lightning rods, 180-184 
magnetism, 115-131 
motion, 83 
parallel connections .of, 53-56 
power, 68-79 
power line drop. 77-79 
quantities of, 18 
relation of voltage, current, 
and resistance, 40-42 
relays, 223-243 
resistance, 24 
Series connections, 37 
signal equipment, 211-244 
signals switches, 198-210 
systems, 185-192, 308 
static electricity, 169-184 
symbols of, 35 
systems of, 9-12 
telephony, 323-401 
telephone circuits, 349-352 
exchange, 363 
receivers, 334-336 
what electricity will do, 3 
Electromotive force, 21-24 
Electrolysis, 
electrolytic refining, 110 
water & salt, 109 








Electrolytic furnace, 112 
Electromagnet, 188 
calculations of, 147 
circuits of, 144 
construction of, 140 
polarity of, 141 
Electroplating, 106 
Electrostatic fields, 173 
Energy, 3, 68-79 


F 


Fields, electrostatic, 173 
Friction, electric charges, 174 


G 


Generator, DC. photo, 2 
photo, 10 
principles, A.C., 160 
principles, D.C., 162 


^H 


Heat, 4 


I 


Induction coils, 163 

Insulators, types of, 8 

Induced electric pressure, 155 
magnitude of, 159 


L 


Lamps, telephone switchboard, 
360 
Laws, Ohms, 43-52 
Light, 4 
Lightning, 177-178 
Rods, 180-184 


M 


Magnetic, circuit, 
circuit units of system, 144 
C.g.s. system, 149 
Magnetic fields, around coils, 136 
action of, 121 
Magnetic forces between wires, 
135 
Magnetic, 
lines around conductor, 133 
lines of force, 119 
materials, 124 
properties of materials, 122 
Magnetism, 
Earth's, 118 
consequent poles, 130 
shields, 129 
permeability, 126 
reluctance, 126 
nrtificial, 115 
attraction & repulsion, 117 
Magnets, 
compound, 130 
compass test for polarity, 131 
effect of air gap, 128 
lifting power of, 148 
poles, 117 
natural, 115 
pulling strength of, 127 





Magnets, Cont’d. 
testing coils for faults, 152 
winding & repair, 150 
Meters, ammeter (photo), 20 


N 


Network, how to find a, 62 
Non-magnetic materials, 124 


o 


Ohms, law of, 43-52 
applying law of, 48-52 
Openers, door, magnetic, 222 


s P 

Parallel 

connections, 52-61 

wires, magnetic forces between, 

135 

Permeability, magnets, 126 
Phantom, circuit diagram, 399 
Polarity, 31 
Power, line drop, 77-79 

line loss, 79 

field problems, 75-76 

formulas of, 71572 

power & energy, 68-79 
Pressure, difference in, 30-32 
Primary, cells, 88 

Edison type cell, 93 


Q 


Questions, SS 
alarm circuits, 296 
relays, 244 
signal systems, 321 
signal systems, 270 
signal switches, 210 
telephony, 401 
telephony, 375 
telephony, 347 


R 


Relays, 223-243 
adjustment & care of, 241 
alarm circuits, 276-295 
burglar alarm, 236-237 
circuits of, 225-228 
Clapper type of, 225 
holding combination type, 275 z 
Dixie type of, 225 
double circuit holding type, 
213-214 
drop or constant ringing type, 
228 
ground circuits, 238 
open circuit holding type of, 
212 
open, closed, double circuit 
types of, 235-236 
Pony type of, 224 
3 section alarm, 274 
terminals & connections, 
253-254 
telegraph systems, 238 
terminal tests, 240 
Western Union type of, 223 
Receivers, telephony, 334 
Reference point, definition, 30 \ 





Reluctance, magnets, 126 
Relation, voltage, current & 

resistance, 40-42 
Residual magnetism, 149 
Resistance, effect of length, 33 
Rods, lightning, 180-184 


S 


Secondary, cells, 88 
Shields, magnetic, 129 
Signal, 
call system without switches, 
258 
closed circuit (burglar alarm), 
266 
common devices, 191-192 
connecting vibrating types for 
series ‘operation, 261 
current supply trouble, 195 
desk block types, 202 
equipment, 211-244 
motor generator systems, 192 
office call systems, 265 
open circuit systems, 254 
push button switches, 202 
return call system, 256 
selective master call systems, 
259-260 
selective call circuit, 255 
silent type, 220 
switches, 193-210 
systems, electric, 185-192 
trouble shooting, 308 
vibrating bell—constant 
ringing, 268 
wiring (photo), 197 
Solenoids, 137 
Sound, 5 
Symbols, 35 
signal systems, 253 
use of signal systems, 189-190 
System, auto electric (diagram), 
14 
call, 297-321 
eleetricity, 9-12 
electric chimes types, 318 
emergency wires, 304 
estimating installation costs, 


312-313 
"flush" type of equipment, 317 
layout, 299 


call—materials, 305 
materials (photo), 310 
modern door bell signal, 316 
running the wires, 299 
safety rules, 306 
etesting for proper wires, 302 
tools & supplies (signal), 314 
trouble shooting (call), 308 
trouble tests, 303 
Static, method of control, 174 
electricity, belts static, 176 
control & protection against, 
174 
explosion from, 175 
Switchboards, 
connections, 365 
telephone, manual type, 366 
Switches, 
signal—floor type, 206 
multiple key (photo), 209 
key—telephone, 360 


Switches, Cont'd. 
key & lock (signal), 206 
signal, 196-210 
thermal & heat (signal), 207 
troubles of, 208 


T 


Telephony, 323-401 
automatic, 381-401 
automatic type principles, 377 

dials, 378 
exchange (diagram), 386 
relays, 393 
batteries, 337 
bells, 339-343 
cables, 368-396 
central energy systems, 353 
circuits, 349-352 
current supply, 337 
desk type exchange, 369 
exchanges, 356-375 
exchange (diagram), 363 
ground circuits, 396 
hook switch, 335 
impulse spring, 379 
induction coil, 337 
(photo), 338 
inter-communication system, 
374 
{diagram), 353 
jacks and drops, 362 
key switches, 360 
lines, 395 
line banks, 382 
magnetos, 344 
(photo), 345 
manual switchboard, 366 
parts, 329 
automatic type, 385 
phantom circuits, 398 
plugs, 361 
polarized bell, 343 
principles of operation, 324 
receivers, 334 
relay (photo), 370 
rural line type diagram, 350 
{photo), 349 
selector. mechanism, 383 
switchboards (manual opera- 
tion), 357 
connections, 365 
lamps, 360 
transmitters, 330-333 
terminals, 368 
transmitting & reproducing 
sound waves, 326 
transposition, 397 
troubles of, 401 
wiper contacts of, 382 

Terminal, voltage at, 26 

Transformer, action of, 166 
action under load, 166 
bell, 193-196 
construction of, 166 
purpose and use of, 165 
ratio, 166 

Transmitter, telephony, 330-333 

Traps, burglar alarm, 206 


v 


Voltage, 26-29 
drop in, 27 
terminal, 26 
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MASTER REFERENCE 
INDEX 


The value of any good set of Electrical Reference books 
is determined to a large extent by two important factors. 
1. The completeness and accuracy of the material 

covered. 


2. The methods of indexing showing where all the 
material needed to answer problems can be 
quickly found. 


This section is your Master Reference Index. It contains a 
listing of every subject in every volume of this 7-Volume 
Set Applied Practical Electricity. In other words, through 
this Master Reference Index you can find out where any 
subject is and what particular volume it is in. Here are 
a few simple instructions on how to use this Master Ref- 
erence Index. 


First of all, wherever we show a volume number in the 
MASTER REFERENCE INDEX we use a capital letter 
V. As an example, V1 means Volume 1, V2 means Volume 2, 
V3 means Volume 3, etc. for all 7 volumes of the set. All 
page numbers will be indicated by a letter P before the 
number. As an example, APPLIANCES are indexed as 
V2-P419-P465. That means APPLIANCES are in Vol- 
ume 2 from pages 419 to 465. 


All you have to remember in looking up any subject is V 
stands for Volume and P stands for page. 


This MASTER REFERENCE INDEX is easy to follow. 


With the above instructions you should have no difficulty 
finding the information you want quickly and accurately. 


———— 
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INDEX 


A 


Absorption refrigerators, types 
of, V6-P101 
A. C. meters, V5-P181-P205 
voltmeters, ammeters, V,5-P182 
motors, V4-P257-P343 
Action, battery charge, V7-P227 
.discharge, V7-P228 
Aids, starting, Diesel, V7-P421 
Air cells, Diesel, V7-P393 
compressor, V7-P422 
Air eonditioning, V6 
combination, furnace and 
cooling, V6-P225 
commercial types (photo) 
V6-P298 
ceiling type, V6-P253 
cooling the air, V6-P259 
cutaway photo, home 
installation, V6-P256 
dehumidifying the air, V6-P264 
filters of, V6-P272 
filtering the air, V6-P274 
grilles, V6-P291 
heat leakage, factors in 
material, V6-P289 
heat load calculations, 
V6-P287 
humistat, V6-P271' 
humidifying, V6-P268 
heating the air, V6-P257 
installation & testing, V6-P301 
insulation of buildings, 
V6-P295 
principles of, V6-P249-P255 
plenum chamber, V6-P254 
photo system for store, 
V6-P251-P252 
photo, York Ice Machine 
Co., V6-P10 
photo, office installation, 
V6-P261 
photo of train, V6-P262 
restaurant cooling 
problems, V6-P299 
room cooler— Westing- 
house, V6-P260 
room coolers, V6-P7-P258 
types of, V6-P254 
unit, Westinghouse, V6-P7 
Alarm, plug-in types, V1-P291 
automatic signal 
machines, V1-P288 
balancing systems, 
V1-P277-P278 
fire equipment, V1-P279-P282 
heavy duty bells, V1-P286 
“Howlers” signal 
horns, V1-P287 
photo—Benjamin Elec- 
trie, VI-P290 
H. Channon, V1-P291-P292 
signal recorders, V1-P283 
“Vitalarm” type, V1-P295 
Alternating current, V4 
average value, V4-P17 


circuits of, V4-P22-P26 
capacity, V4-P36 
effective & maximum 
values, V4-P13 
effect of lagging, V4-P20 
flow of, V4-P13-P14 
generation of, V4-P9-P11 
history of, V4-P1-P6 
nature of, V4-P8 
phase relation, V4-P19 
relays, V4-P643-P647 
reassembly of motors, V4-P683 
sine curves, V4-P11 
Alternation, V4-P11 
Alternators 
adjusting loads, “V4-P125 
operation of, V4-P130-P132 
and paralleling, 

V4-P113-P133 
revolving field, 

V4-P87, V5-P87 
shutting down, V4-P126 
starting up, V4-P124 
turbine types, V4-P93 
vertical and horizontal 

types, V4-P90--P92 

Ammeters, V3-P156-P160 
connections for, V3-P158 
(photo) V1-P20 
principles of, V3-P147 
Ammonia, V6-P92 , 
systems, V6-P241 
Ampere-hour, def., V1-P20 
Amplification, V6-P333 
Amplifiers, V6-P362-P372 
class B operation, V6-P363 
Annunciators, V1-P245.P2652 
locating faults of, V1-P251 
principles of, V1-P246 
terminal tests of, V1-P248 
Antennas, radio, V6-P309 
Appliances, V2-P419-P465 
normal maximum watts taken 
by appliance 

motors, V2-P465 
testing equipment, V2-P463 
troubles, V2-P462 
lubrication, V2-P461 
motors, split phase—capacitor 

universal series 

wound, V2-P445-P451 
synchronous motor, V2-P454 
thermostat differentials, 

V2-P422 
thermostat for starting, 

V2-P419 i 

Armature, alternator 
types, V4-P94 
baking of, V5-P157 
coils for, V5-P20 
number of turns and size 
of wire, V5-P20 
slots, V5-P6 
slip ring, troubles, V7-P120 
Armature winding, V5 
flux, V5-P16 
banding of armatures, V5-P65 
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commutators, V6-P8 
action of, V5-P13 
coils for, V5-P20-P30 
span, V5-P38 
connecting of coils, V5-P42 
changing old motor for new 
conditions, V5-P57 
collecting data from old 
windings, V6-P63 
cutting out faulty 
coils, V5-P78 
cycles & alternators, V5-P85 
connections of starting 
windings, V&-P102 
centrifugal switches, V6-P104 
connecting 3 phase 
winding, V5-P124 
changing operating 
voltage, V5-P139 
Changes in number of 
phases, V5-P145 
changes in frequency, V5-P147 
changing number of poles 
& speed, V5-P149 
determining commutator 
pitch, V5-P47 
element windings for large 
armatures, V5-P56 
experiments, V5.P80 
effect on current when chang- 
ing voltage, V5-P141 
field poles, V5-P3 
frequency of AC 
circuit, V5-P86 
fractional pitch 
windfng, V5-P135 
generators & motors, V5-P3 
governor effect EMF, V5-P19 
growler operation 
& use, V5-P68 
growler indications on wave 
windings, V5-P69 
inserting coils for lap 
windings, V&-P40 
lap wave windings, 
V5-P33-P50 
loose coil leads, V5-P73 
lap windings, V5-P112 
motor principles, V5-P17 
multiplex windings, V5-P59 
marking & connecting 
coil leads, V5-P121 
marking stub connections, 
V5-P125 
number of turns & size of 
wire, V5-P20 
neutral plane, V5-P61 
110 volt winding, V5-T53 
open circuit, V5-P73 
operating principles of 3 phase 
K motořs, V5-P110 
operating voltage 
& changes, V5-P142 
preparing the armature for 
winding, V5-P38 
procedure, V5-P62 
procedure of winding 3 phase 
stator, V5.P119 
poles & phase connections, 
V5-P125 


reversed coil, V5-P74 A 
revolving field alternators, 
V5-P87 
rotors, V5-P96 
windings for rotors, V5-P137 
running & starting winding 
for single phase 
motors, V5-P100 
reversed coil groups, V5-P169 
small 2 element 
winding, V5-P54 
symmetrical connections, 
V5-P62 
short circuits, V5-P72 
shorts between coils, V5-P75 
single phase currents, V5-P89 
skein windings, V5-P98 
stators, V5-P97 
special connections for con- 
venient voltage 
changes, V5-P144 
taping & shaping coils, V5-P31 
3 volt windings, V5-P54 
32 volt winding, V5-P54 | 
testing, V5-P67 
2 phase currents, V5-P91 
3 phase currents, V5-P93 | 
terms & definitions, V5-P111 
types of coils for stator 
windings V5-P117 
testing for correct 
polarity, V5-P140 
use of insulating varnish & 
compounds on 
windings, V5-P155 
winding data chart, V5.P23 
winding coils, V5.P29 
wave windings, V5-P43.P50 
winding small armatures, 
V5-P51 
Arrangement, valves, V7-P16 
Assembly, battery plate 
groups, V7-P292 
Audio frequency amplifiers, 


V6-P348 
Automatic starter controls, 
Vi-P136-P137 


telephone, V1-P381-P401 
spark advance, V7-P64 
Automotive, modern motor car 
equipment, V7-P1 
Auxiliary controls, generator, 
Vi-P159 
Aviation lighting, V2-P326-P343 
airp'ane lights, V2-P339 
beacons, V2-P326 
boundary lights, V2-P332 
hangar & shop, V2-P336 
illuminated wind direction 
indicators, V2-P334 
landing field lights, V2-P327 
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Baffles, water drain, V6-P221 

Baking, armature, V5-P157-P160 

Balancing alarm systems, 
V1-P277-P278 

Band, wave, V6-P356 

Banding, armature, V5-P65 
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Barostat, two temperature valve 
(diagram) V6-P230 
valve, on flooded system, 
V6-P233 
on flooded and dry system, 
V6-P233 
on dry system, V6-P233 
Battery, V7 
assembly of plates groups, 
V7-P292 
burning a connection, V7-P288 
charge & discharge action, 
V'i-P306 
charging Nickle Iron cells, 
V1-P308 
Cadmium test, V7-P235 
charging with DC rheostat, 
V'i-P264 
charging bench, V7-P261 
charging—motor generator 
constant potential 
method, V7-P260 
charging in series, V7-P258 
eharging rates, V7-P255 
charging of, V7-P253 
cycling of, V7-P249 
capacity of, V7-P243-P245 
charging NEW batteries, 
V7-P298 
chemical action—charge, 
V7-P227 
chemical action—discharge, 
V7-P228 
į cells, V7-P201 
construction of, V7-P209 
cases, V7-P215 
cell containers of, V7-P215 
Electron Bulb charging, 
V'"-P255-P257 
Edison storage cells, V7-P302 
electrolyte, V7-P217 
defective plates—replacing, 
V7-P282 
hy-rate discharge, test, 
V7-P240 
hydrometers, V7-P220 
internal resistance of, 
Vi-P309 
lead burning, V7-P284 
adjustment torch, V7-P286 
isolators, V7-P214 
meters for testing, 
V7-Pz36-P238 
Nickle Iron cells, advantage 
of, V7-P305 
(photo), V7-P307 
care of, V'-P310 
on-the-line voltage test, 
V7-P232 
open circuit voltage test, 
V7-P233 
operation of constant 
pot, V7-P262 
plates, V7-P201 
buckled, V7-P269 
preparation for storage, 
V1-P295 
questions, V7-P251 
questions, V7-P277 
questions, V7-P314 
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questions, V7-P226 
retainers of, V7-P214 
reassembly of, V7-P283 
repair of, V7-P279 v 
storage, V7-P201-P315 
service of, V7-P273-P275 
shop equipment, V7-P299 
separators, V7-P211 
specific gravity of, V7-P218 
storage (photos), V7-P35-P36 
testing of, V7-P228 
terms—battery action V7-P229 
troubles of, V7-P266 
terminal posts, V7-P293 
thermometers, V7-P225 
voltage test, V7-P231 
Bearings, ball and roller, types 
of, V4-P676 
lubrication of, V4-P678 
breaking in new, V4-P688 
compressor, V6-P168 
Diesel, V7-P491 
wear and clearances, 
V7-P505 
dust seals, V4-P686 
frozen, V4-P692 
installation of, V4-P681 
loss of oil, V4-P689 
motor and generator, V3-P23 
overheating of, V4-P690 
sleeve types of, V4-P679 
tight or worn, V5-P171 
Bells, bias polarized, V1-P342 
door signal, types of, V1-P316 
muffling of, V1-P220 
signal, vibrating? single stroke 
& combination, V1- 
P211-P217 
simple call, V1-P188 
troubles of, V1-P213 
Belts, static in, V1-P176 
Bench charging, V7-P261 
Bendix drive mechanism, 
Vi-P130 
Bends, conduit, V2-P76-P78 
Bias, grid, V6-P328 
Block, cylinder, V7-P6 
Blowers, V6-P281 
charging, V7-P336 
Boiling point, V6-P19 
Boxes, outlet, V2-P57-P60 
Braking, dynamic, V3-P294-P301 
regenerative, V3-P301 
Breakers, automotive, V7 
construction diagram, V7-P72 
distributor mechanism, 
V7-P58 
magnetic protective, V7-P187 
setting of, V7-P73 
Breakers, circuit, 'V3-P126 
Care and maintenance, 
V3-P132 
instrument switches, V3-P134 
operation, V3-P127 
shunt trip coils, V3-P131 
trip coil overload release, 
V3-P129 
Brushes, automotive, V7 
Bendix, V7-P129 
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third brush regulation, 
VT-P151 
Brushes, motor and generator, V3 
carbon, V3-P103-16, P307-20 
experiments, V3-P115 
holders, V3-P19 
requirements, V3-P308-P103 
fitting new to old commu- 
tators, V3-P113 
cement for attaching leads, 
V3-P11r 
leads & shunts, V3-P314-P109 
pressure & tension, V3-P108 
use of graphite in, V3-P107 
special types of, V3-P107 
resistance, V3-P105 
photos of, V3-P104 
materials for, V3-P309-P103 
Buckling, battery plates, V7-P269 
Bulb, charging, electron, 
Vi-P255-P257 
Burglar alarms, V1-P203 
Burning, lead, V7-P284 
Bus bars, V3-P135-P136 
connections of, V3-P137 . 
Buzzers, signal, V1-P219-P221' 
BX, cutting and stripping, 


V2-P100 
BXL, use of, V2-P101 
Cc 


Cabinet, refrigeration, V6-P78 
G.E. (photo), V6-P218 
repairs, V6-P216 

Cable, armored, V2-P97 
advantages of, V2-P98 

lugs, V2-P37 
telephone, V1-P396 

Cadmium test, V7-P235 

Call systems, V1-P297-P321 

Capacitance, V1-P171-P172 

Capacitors, V1-P171 

Capacity, battery, V'1-P243-P245 

electric, V4-P36 
summary of, V4-P42 
units of, V4-P42 

Capillary tubes, V6-P68 

Carbon brushes, V3.P307-P320 

dioxide, V6-P92 

Carburetor operating levers, 

V'-P14 
principles of, V7-P11 

Carrene, V6-P94 

Carrier unit (photo), 

V6-P251-P252 

Cases, battery, V7-P215 

Cells, battery, V1-P88-P106 
air cell, V1-P100 
current and voltage of, 

V1-P89 
Daniell type, V1-P91 
dry type, V1-P96 
Edison primary type, 
V1-P98 
efficiency of, V1-P102 
electrolyte for, V1-P100 
Eravity type, V1-P92 
two fluid types, V1-P91 
storage, V1-P100 


lead-acid, V7-P201 
lead plate (photo), V7-P203 
nickel iron, V7-P305 
Center upper dead, V7-P9 
lower dead, V7-P9 
Centrifuging, V7-P406 
Chambers, combustion, V7-P7 
Changes, chemical, battery, 
V1-P22 
voltage, radio, V6-P329 
Charge, battery, V7-P306 
adjusting the rate of, V7-P153 
charging various methods, 
V1-P117 
with motor generator, V7-P260 
in series, V7-P258 
battery, V7-P253 
new batteries, V7-P298 
electric, V1-P169 
refrigeration, determining 
amount of, V6-P186 
Charging, refrigerant, V6 
gaseous method, V6-P200 
general procedure for, V6-P200 
low side, V6-P200 
high side float systems, 
V6-P200 
capillary tube systems, 
V6-P201 
low side float systems, 
V6-P201 
expansion valve systems, 
V6-P202 
liquid method, V6-P202 
Photo, valve, V6-P171 
Charts, refrigeration head pres- 
sure temperature, 
V6-P178 
trouble shooting, V3-P347 
winding data, V5-P23 
baking temperature, 
V5-P159 . 
wire, V2-P85-P88 
Chemical changes, battery, 
V1-P22 
dehydrator, V6-P188 
Chevrolet lamp load, lighting, 
Vi-P167 
Chimes, electric signal, V1-P318 
Chrysler engine (photo), V7-P22 
Circuits, V1-P276-P295 
branch, V2-P159 
complete, VI-P15, V7-P109 
electrical, V1-P183-P16 
holding relay, V1-P271-P275 
magnetic, four-pole, V3-P30 
paralleling A.C., V4-P49 
open circuit holding, V1-P272 
Primary (diagram), V7-P40 
Primary and secondary, mag- 
neto, V7-P101 
refrigeration, filter type, 
V6-P320 
plate load, V6-P330 
secondary (diagram), V7-P40 
short, V2-P204, V7-P186 ° 
short and ground, locating, 
V2-P206 
Circulation, air, V6-P277-P304 
blowers and ducts, V6-P281 


a. 
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fan selection for, V6-P280 
refrigeration, V6-P29 
Cleaning, engine cylinder, 
V7-P609 Ñ 
refrigerant drums, V6-P204 
Clearance, engine bearings, 
V'-P505 
piston rings, V7-P504 
Codes, electric, national, V2-P3 
state and local, V2-Pb5 
refrigeration, V6-P233 
Coefficient of utilization, light, 
(chart), V2-P246 
Coils, armatyre, V5-P20, P25-P30 
coil & slot insulation, V5-P26 
taping & shaping, V5-P31 
winding of, V5-P29 
span for, V5-P38 
inserting for lap winding, 
V5-P40 
connecting of, V5-P42 
short between coils, V6-P75 
grounded V5-P74 
reversed, V5-P74 
polarity, V5-P114 
types of, V5-P117 
repairs for grounded coils, 
V5-P164 
cutting out defective coils 
with jumper, V5-P165 
open, V5-P167 
shorted coil groups, V5-P166 
blow-out, V3-P272 
field, V4-P101 
ignition, V7-P37-P38 
Bosch, V7-P37 
parts of, V7-P38 
. vibrating, V7-P45 
magnetic fields around, 
V1-P136 
no voltage no field release, 
3-P247 
primary and secondary, 
V1-P88 
Cold control switch, V6-P175 
units, V6-P149 
Combustion fuel, V7-P15 
-Lanova system of, 
V'-P394-P395 
Waukesha Hesselman engine, 
$ Vi-P396 
Commutation, V3“P85-P90 
Commutators, V3-P17, V5-P8, 
Vi-P129 
action of, V5-P13 
diagrams, V5-P8-P9 
brushes, fitting new, V3-P113 
setting, importance of, 
V3-P87 
shifting with varying load 
on machine, V3-P88 
commutating poles for spark 
prevention, V3-P90 
pitch, determination of, 
V5-P47 
self-induction in coils shorted 
by brushes, V3-P86 
speed regulating, V3-P250 
Compound generators, V3-P47 


Compression, low, Diesel, 
V'-P502 
Compressor, air, Diesel, V7-P422 
Diesel Rix Co, Vi-P423-P424 
Compressors, refrigeration, V6 
bearings, V6-P168 
commercial, V6-P244 
construction of, V6-P48 
cutaway photo, V6-P50 
gear type, V6-P54 
efficiency test, V6-P197-P166 
installation of, V6-P206 
overhauling of, V6-P208 
shaft seals (photo), V6-P151 
reciprocating types of, V6-P49 
removal of, V6-P206 
rotary type, repair, V6-P169 
rotary, type of, V6-P53 
rotary gear type diagram, 
V6-P56 
rollator type, V6-P54 
syphon bellows type of, 
V6-P54 
2 cylinder reciprocating type, 
V6-P55 
types of, V6-P61 
Condenser, ignition, V7-P40-P42 
refrigeration, V6-P177 
temperature chart, V6-P178 
temperature and head 
pressure, V6-P178 
troubles in, V6-P178 
types of, V6-P57-P60 
static, V4-P349 
location of, V4-P353 
Condensing unit, removal from 
eabinet, V6-P162-P165 
removal without discharg- 
ing, V6-P189 
Stewart-Warner, V6-P107 
types of, V6-P28 
Conductance, V1-P34 
Conductors, resistance of, 
V1-P33, V2-P168 
types of, V1-P6, V2-P8 
Conduit, V2 
advantages of, V2-P68 
allowable number of wires & 
circuits, V2-P84 
allowable wire chart, V2-P85 
bending of, V2-P75-P80 
armored cable, V2-P97 
fittings for, V2-P73-P80 
flexible, V2-P95-P97 
grounding systems, V2-P89 
installing of, V2-P70 
junction boxes for, V2-P79 
pulling wires in, V2-P82 
sizes & types of, V2-P72 
supports for, V2-P79 
Connections, electric, 
V1-P62-P68 
combined series & parallel, 
V1-P81-P87 
examples, series & parallel, 
V1-P84-P86 
lock switch (alarms), V1-P27 
parallel, V1-P52-P61 
parallel (diagrams), 
V1-P53-P56 
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polarity of, V1-P80 
series, V1-P38-P39 
Connections, refrigeration, V6 
flare, V6-P114 
soldering sweated type, 
V6-P119 
Connecting rods, V7-P8, 
P483-P484 
Connectors, battery, burning, 
V7-P288 
solderless, V2-P39 
Costruction, battery, V7-P209 
breakers, V7-P72 
condenser, V7-P41 
Consumption, fuel, 
V7-P403-P404 
HP. Diesel engines (chart), 
Vi-P403 
Contacts, cutout, V7-P169 
Containers, cells, V7-P215 
Controls, automatic starter, 
4 V -P136-P137 
automotive generator, 
auxiliary, V7-P159 
two-rate step-down, 
V7-P160 
lamp load, Chevrolet, 
. V7-P167 
Diesel, Wedge method, 
Vi-P360 
radio volume, V6-P346 
refrigeration switch, trouble 
in, V6-P175 
speed, armature resistance for, 
V3-P242 
Controllers, direct-current, V3 
drum, chart for sequence, 
V3-P280 
construction of, V3-P288 
forward position starting, 
V3-P290 
operation of, V3-P274-P293 
principles of, V3-P275 
dash pot & time delay, 
V3-P262 
circuit & carbon type, V3-P256 
reversible drum types, 
V3-P293 
reversing drum types, 
V3-P282-P284 
reversing rotation of motors, 
V3-P281 
Controllers, alternating- 
* current, V4 
auto carbon pile starters, 
V4-P468 
auto remote starters, V4-P484 
construction of contactors 
on Overload relays, 
V4-P4738 
circuit & operation, V4-P465 
carbon pile starters, V4-P464 
counter voltage, V4-P458 
convenience & safety, V4-P452 
drum types—connections, 
V4-P498 
drum types, V4-P493-P495 
Deion are quenchers, V4-P492 
full voltage and across the line 
starting, V4-P454 


installation of, V4-P503 
method of reducing voltage, 
V4-P459 
photos of, V4-P450-P470 
printing press type of, 
V4-P490 
resistance type starters, 
V4-P461 
starting voltage & 
adjustment, V4-P483 
star delta starter, V4-P501 
starting reversing & speed 
control, V4-P496 
thermal & magnetic overload 
relays, V4-P455 
time element device, V4-P488 
Converters, V4-P423-P450 
armature connections, V4-P42R 
are chutes & barriers, V4-P445 
characteristics, V4-P427 
construction of, V4-P424 
oscillator, V4-P443 
auxiliaries for, V4-P442 
building up DC voltage, 
V4-P439 
brush fitting mechanisms, 
V4-P442 
correcting polarity, V4-P440 
control of DC output 
voltage, V4-P433 
flash over relays, V4-P446 
field connections, V4-P430 
field excitation, V4-P431 
operating principles, V4-P425 
overspeed device, V4-P444 
starting of, V4-P438 
transformer connections, 
V4-P434 
Cooler, room, V6-P7 
Cooling, engine, V7 
closed type system of, 
Vi-P456 
double flow system of, 
V7-P455-P457 
open type system of, V7-P454 
single flow system of, V7-P453 
thermo-syphon system of, 
V7-P451 
radiator systems of, V7-P449 
Diesel systems, V7-P448 
water, quantity of, V7-P459 
Core, armature, V5-P5 
Counter voltage, V4-P28-P32 
Covers, outlet box, V2-P81l 
Crankshaft, V7-P21 
Diesel types of, V7-P487 
V type (photo), V7-P31 
Creeping, watthour meter, 
V5-P201 
Current, condenser charging, 
V4-P37 
electric, V1-P16-P20 
parallel circuit, V4-P55 
single-phase, V5-P89 
three-phase, V5-P93 
two-phase, V5-P91 , 
Cutouts, generator, V7-P157 
contacts of, V7-P169 
Cycle, alternating-current, 
V4-P11 
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engine, V7-P4 
constant pressure, V7-P387 


Cycle, refrigeration, V6 


absorption system, V6-P102 

definition, V6-P32 

diagrams, V6-P36-P39 

Fairbanks Morse (photo), 
V6-P34 

Kelvinator (photo), V6-P39 

Stewart- Warner, V6-P32 

refrigeration, V6-P27-P49 

Servel Co., V6-P35 

Cycling, battery, V7-P249 


Cylinders, engine, V7 


diesel types (photo), V7-P427 
diesel types (diagram), 
V7-P428 
liners of, V7-P485 
liners—diesel, V7-P507 
pulling sleeves of, V7-P509 
cleaning of (Diesel), V7-P509 
Waukesha engine (photo), 


induction type meter, V5-P192 
frequency meter, V5-P217 

methods of changing field, 
V5-P58 

marking the commutator, 
V5-P64 

method of producing EMF in 
conductors by cutting 
magnetic lines of force, 
V5-P84 

method of placing first coil 
in stator, V5-P121 

placing coils in armature, 
V5-P53 

principle of simple centrifugal 
switch, V5-P104 

principle of moving iron 
meter, V5-P183 

principle & construction of 
dynamometer, V5-P189 

right & wrong methods of 
connecting stator coils, 


V'"-P390 V5-P115 
symmetrical connections, 
D Vb-P62 
single phase alternator, 
Dashboard lighting, V7-P181 . V5-P88 
Dead center, upper (diagram), simple 2 phase generator, 
Vi-P11 V5-P91 
Defective parts. refrigeration, skein type winding, V5-P100 
1V6-P205 star & delta connections, 


V5-P132 

synchroscope, V5-P222 

step by step development of 
complete cycle, V5-P86 

2 common types of stator 
slots, V5-P98 

step by step procedure revolv- 
ing field in 2 phase 
motor, V5-P108 

2 phase winding for 4 pole 
machine, V5-P123 

24 slot wave wound rotor, 


Dehumidifying (photos) 
V6-P263-P264 
Dehydrator. V6-P187 
photos, V6-P152 
Delco motor with thermotron, 
V6-P215 
Detectors, radio, V6-P343 
Diagrams, V1 
dry cell construction, V1-P96 
Diagrams, V4 
wiring rectifier plant, V4-P414 
Diagrams, V5 


arrangement stator coils, three 
phase alternator, 
V5-P92 

connections for lap coils, 
V5-P56 k 

coils in simplex lap 
windings, V5-P59 

circuit of winding, V5-P61 

connecting ammeter & 
rheostat, V5-P70 

cutting out defective coil, 
V5-P79 

complete circuit through both 
starting and running * 
winding, V5-P103 

coils & connections simple 
2 pole. V5-P114 

coil groups, V5-P129 

changing 440 to 220, V5-P148 

developing rotating field 
3 phase, V5-P110 

4 pole wave armature, V5-P71 

fractional pitch winding, 
V5-P186 

growler, V5-P68 

used to induce current in 

shorted coil, V5-P167 


V5-P138 

terminal arrangement for con- 
venient changing, 
V5-P146 

3 phase lap winding, V5-P151 

3 phase winding with faults, 
V5-P162 

testing with galvanometer, 
V5-P77 

winding coils for spiral type, 
V5-P99 


Dielectric constant, V1-P172 
Diesel electric power, 


V7-P315-P512 
Maintenance of equipment, 
V'-P501-P522 

electric plant operation, 
V7-P511-P512 

tools for, V7-P510 

piston rings for, V7-P481 

engine construction of, 
V7-P478 

cooling—quantity of water, 
V'-P459 

overheating causes of, 
Vi-P444 

exhaust silencers, V7-P436 
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engineers cab (electric 
train), V7-P430 
electric train (Burlington), 
V7-P429 
air compressors (diagram), 
V7-P422 
starting aids, V7-P421 
air system of starting, 
V7-P420 
starting air supply, V7-P418 
compressed air starting, 
V7-P416 . 
auxiliary gasoline starting, 
V7-P413-P415 
electric starting motors, 
V7-P411 
ship—diesel powered, V7-P407 
centrifuging, V7-P406 
HP. consumption (chart), 
V'-P403 
engine speeds, V7-P402 
drip lines, V7-P369 
fuel nozzles, V7-P364 
discharge valves, V7-P354 
fuel control by-pass—relief 
valve method. V7-P356 
fuel pumps, V7-P349 
fuel injection system, V7-P347 
compression ratio (chart), 
V7-P343 
firing order of, V7-P344 
2 stroke engine principles, 
V7-P331 
2 port type-—operation, 
V7-P334 
blower & compressor charg- 
ing, V7-P336 
semi-diesels, V7-P339-P340 
4 stroke engines, V7-P325 
full diesels, V7-P323-P325 
engine construction, V7-P320 
Direct-current battery charging, 
V7-P264 
Direct-current power, V3 
advantages of, V3-P1-P3 
armatures for, V3-P16 
construction of generators, 
V3-P13 
electro-magnets, V3-P8 
field poles, V3-P14 
generator ratings, V3-P9 
speeds, V3-P11 
operating temperatures, 
V3-P10 
Discharge valves, lapping of, 
V6-P166 
Discharging, battery, V7-P306 
hy-rate test, V7-P240 
Discharging refrigerant, V6 
general procedure for, 
V6-P199 
neutralizing refrigerant, 
V6-P183 
pumping out the air, 
V6-P199 
refrigerant from unit, 
V6-P182 
refrigerator unit, V6-P181 
Disk high voltage distributor, 
V'-P105 


Dismantling pumps, V7-P362 
Distributors, ignition, V7 
primary breakers of, 
V7-P55-P60 
breaker mechanism of, V7-P58 
setting the gear, V7-P106 
connection diagram, V7-P74 
8 cylinder engine types, 
V7-P70 
Dome lighting, V7-P181 
Drinking water cooler, evapor- 
ator in, V6-P238 
Drive mechanisms, appliance, 
V2-P457 
Drives, Bendix (photo), V7-P131 
for starters, V7-P128 
Dry system, refrigeration, two- 
temperature valve, 
V6-P233 
Dual ignition, 6-cylinder, V7-P69 
Ducts, air conditioning, V6-P281 
installation of V6-P283 
photos, V6-P292 
outlets for, V6-P283 
wiring, use of square, V2-P111 
Dynamic braking, V3-P294-P301 


E 


Edison storage battery cells, 
V7-P302 ` 
Efficiency test, compressor, 
V6-P159 
Eight cylinder engines, firing 
order, V7-P27 
crankshaft (diagram), 
V7-P30 
Electric charges produced by 
friction, V1-P174 
Electrical construction, V2 
BX, V2-P100 
causes of short circuits, 
V2-P204 . 
cost per outlet, V2-P191 
conductors for, V2-P8 
conduit bending, V2-P75-P80 
demand factor, V2-P161 
estimating job costs, 
V2-P188-P193 
fuses, V2-P113-P118 
troubles in, V2-P203 
grounding polarized systems, 
« V2-P155 
housewiring plans, V2-P201 
insulation, V2-P9 
illumination, V2-P209-P229 
important points in, V2-P2 
lamps, V2-P209.P229 
loads (chart), V2-P160 
method of installing con- 
duit, V2-P70 
national electric code, V2-P3 
outlets, V2-P137-P140 
boxes for, V2-P57-P60 
practical estimating prob- 
lems, V2-P192 
questions, V2-P55-P112-P140- 
P177-P208 
raceways, metal, V2-102 
reflectors, V2-214 
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sectional view of house 
wiring, V2-P195 
state & local codes, V2-P5 
soldering, V2-P29-P30 
splicing, V2-P16-P28 
switches, V2-P122-P136 
symbols, V2-P198 
tools, V2-P200 
trouble shooting, 
V2-P202-P208 
voltage drop formula, V2-P174 
wiring materials, V2-P8 
plans, V2-P193 
Electricity, V1 
alarm circuits, V1-P276-P295 
annunciators, V1-P245-P252 
automatic telephones, 
V1-P381-P401 
call systems, V1-P297-P321 
capacitance, V1-P171-P172 
cells, V1-P88-P106 
chemical action of, V1-P87 
circuits of, V1-P13-P16 
combined series & parallel con- 
nections, V1-P81-P87 
-conductance, V1-P34 
conductors of, V1-P6 
current of, V1-P16-P20 
efficiency of apparatus, 
V1-P102-P106 
electricity in motion, V1-P109 
e'ectrolysis, V1-P106 
electromagnetic induction, 
V1-P155-P169 
electromagnetism, 
V1-P131-P155 
electromotive force, 
V1-F21-P24 
electroplating, V1-P106 
energy, V1-P68-P79 
how it behaves, V1-P1-P8 
how to find a network, V1-P62 
insulators of, V1-P7 
lightning, V1-P177-P178 
lightning rods, V1-P180-P184 
magnetism, V1-P115-P131 
motion, V1-P83 
parallel connections of, 
V1-P53-P56 
power, V1-P68-P79 
power line drop, V1-P77-P79 
quantities of, V1-P18 
re:ation of voltage,.current, 
and resistance, 
V1-P40-P42 
relays, V1-P223-P243 
resistance, V1-P24 
series connections, V1-P37 
signal equipment, 
e V1-P211-P244 
signals switches, 
V1-P193-P210 
systems, 
V1-P185-P192, P308 
static electricity, 
V1-P169-P184 
symbols of, V1-P35 
systems of, V1-P9-P12 
telephony, V1-P323-P401 


telephone circuits, 
V1-P349-P352 
exchange, V1-P363 
receivers, V1-P334-P336 
what electricity will do, V1-P3 . 
Electro-dynamometer, V5-P185 
Electrolysis, electrolytic re- 
fining, V1-P110 
water and salt, V1-P109 
Electrolyte preparation, V7-P222 
mixing table, V7-P223 
Electrolytic furnace, V1-P112 
Electromagnets, V1-P138 
V3-P8, V7-P120 
calculations of, V1-P14* 
circuits of, V1-P144 
construction of, V1-P140 
polarity of, V1-P141 
Electromotive force, 
V1-P21-P24 
Electron bulb, operation, 
V7-P255-P257 
Electronics, applied, 
V5-P242-P286 
experimental, V5-P255-P210 
Electroplating, V1-P106 
Electrostatic fields, V1-P173 
Elevator motor, V3-P4 
Emf, counter-emf in motors, 
V5-P18 
governor effect, V5-P19 
Energy, V1-P3, P68-P79 
Engines, Diesel types, 
V'i-P315-P512 
internal combustion, V7-P3 
origin of, V7-P3 
stroke of, V7-P4 
internal combustion prin- 
ciples, V7-P4 
compression stroke, V7-P5 
L head type, (diagram), V7-P8 
Oldsmobile (diagram), V7-P8 
F head, V7-P17 
T head, V7-P17 
Buick (photo), V7-P18 
Multiple cylinder, V7-P19 
4 cylinder (photo), V7-P20 
Chrysler (photo), V'-P22 
8 cylinder, V7-P27 
Studebaker. V7-P28 
V type (photo), V7-P29 
6 cylinder Nash, V'-P163 
Caterpillar Tractor Co. 
diesel, V7-P322 
Atlas Imperial diesel, V7-P317 
Busch Sulzer—diesel, V7-P316 
Buda Co. diesel, V7-P321 
Witte Engine Co. diesel, 


V7-P320 

Stover Engine Co. diesel, 
V7-P319 

Int. Harvester Co. diesel, 
V7-P325 

Ven Severin Engine Co. diesel, 
V7-P324 

McIntosh Seymour Co. diesel, 
V'T-P328 

Cummins Engine Co., diesel, 
V7-P327 


diagram, V7-P375 
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Allis Chalmers Co., diesel, 


V'-P388 

De La Verne Co., diesel, 
V7-P419 

Quincy Compressor Co., diesel, 
V7-P421 

Fairbanks Morse Co., diesel, 
V7-P466 

Anderson Engine Co., diesel, 
V7-P459 

Waukesha Hesselman Co., 
V7-P396 


Lanova, V7-P394 
Waukesha Co., V7-P390 
Equipment, lighting, V7-P173 
shop, battery, V7-P299 
Estimating, V2-P188-P193 
Evaporation, V6-P22 
Evaporators, refrigeration, 
V6-P60-P63 
direct types of, V6-P60 
dry types of, V6-P220 
_indirect types of, V6-P60 
Fairbanks Morse type, V6-P62 
pressure temperature chart, 
V6-P63 
Ilg, photos, V6-P296 
photos, V6-P177 
« in drinking water cooler, 
V6-P238 
temperature & low side 
pressure table, V6-P186 
temperatures, V6-P62 
troubles in, V6-P178 
units of, V6-P31-P32 
Example, two-phase A. C. wind- 
ing, V5-P113 
Exchangers, heat, shell and tube, 


Vi-P458 
Excitation, alternator field, 
V4-P102 

connections, V4-P103 
field, V3-P31 
Exhaust Diesel systems, 
Vi-P437 ` 
flexible connections, 
V'i-P439 


flexible tubing, V7-P440 
Expansion valve, photo, V6-P149 
Experiments, V5-P80 


F 


Factor, power, V4-P59-P68 
Fans, centrifugal, V6-P288 
Farm wiring and electrical 
equipment, 
V2-P387-P419 
diagrams for wiring, 
V2-P390-P398 
electric fence, V2-P406 
motor operated churn, 
V2-P413 
pulley selection chart, 
V2-P416 
planning the wiring, V2-P387 
rigging up a portable electric 
motor, V2-P408-P412 
trouble shooting, 
V2-P401-P405 


2 


uses of electricity on farm, 
V2-P417-P418 
yards & farm buildings, 
V2-P393 
Feedback, V6-P365 
Fields, electrostatic, V1-P173 
protection, V7-P158 
Filter, air conditioning, V6-P272 
Diesel metal screen type, 
V7-P378 
radio, circuits, V6-P320 
diagrams of, V6-P321 
Firing order, V7-P23 
Diesel, V7-P344 
to determine, V7-P33 
determining by test, V7-P31 
6 cylinder engines, V7-P23 
8 cylinder engines, V1-P27 
4 cylinder engines, V7-P21 
Fitting spark plugs, V7-P52 
Fittings, tubing, V6-P113 
sweat types of, V6-P117 
wiring, V2-P104 
Flaring, V6-P115 
tools for, V6-P116 
Fleming's right hand rule, 
V3-P28 
Flickering, lighting, V7-P184 
Flooded system, two temperature 
valves, V6-P233 
and dry system, V6-P233 
Fluorescent lighting, 
V2-P281-P314 
automatic starters, V2-P286 
auxiliaries, V2-P300 
ballast coils, V2-P292 
compensators, V2-P298 
check list on operation, 
V2-P308-P314 
direct current operation, 
V2-P302 
glow switch starters, V2-P288 
knife blade, V2-P116 
lead link, V2-P113 
Jampholders, V2-P286-P287 
lamp characteristics, V2-P301 
lamps in series, V2-P305 
manual starter switches for, 
V2-P285 
operation, V2-P284 
power factor, V2-P295 
step up transformer, V2-P299 
thermal starter, V2-P291 
Flux, V5-P16 
Fiywheel (diagram), V7-P8 
Ford Model T wiring diagram, 
V1-P46 
Forming, plates, battery, 
Vi-P208 
Formula, battery plate paste, 
V7-P207 e 
power factor, V4-P60 
resistance, V4-P50-P55 
Four cylinder engines, firing 
order, V7-P21 
Frames, generator field, V3-P14 
Freon, V6-P91 
Frequency, alternators, 
V4-P100-P107 
modulation, V6-P355 
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radio, V6-P8185 
Friction, electric charges, 
Vi-P174 
Fuel, V7 
consumption, V7-P403 
requirements, diesel, V7-P402 
specifications, V7-P401 
pumps—troubles & care, 
V7-P361 
combustion, V7-P15 
control—by-pass method, 
V7-P366 
injector—sectional view, 
V7-P376 
common rail system, 
(diagram), V7-P372 
systems diesel, V7-P347 
nozzles, V7-P364 
pumps, V7-P349 
systems, V7-P387 
distributor type of, V7-P374 
Fuses, V2-P113-P120 
cabinets for, V2-P119-P120. 
cartridge type of, V2-P114 
high tension, V4-P640-P643 
plug type, V2-P117 
rules for, V2-P118 


G 


Gas burner controls, 
V2-P436-P437 x 
Gasoline engines, V7-P1-P34 
Gauges, gasoline, resistance 
type, V7-P89 
refrigeration, installation, 
V6-P196 


use of for service, V6-P125 


thermal or bimetal types, 
V7-P92 
wire, V2-P16 
Gears, drive (diagram), V7-P6 
setting distributor, V7-P107 


General Electric cabinet (photo), 


V6-P218 
capacitor motor, V6-P2165 
Generating stations, 

V4-P513-P540 

auxiliary equipment, V4-P537 

boilers for, V4-P519 

exhaust steam condensers, 
V4-P524 


hydro electric plants, V4-P431 


prime movers, V4-P516 
rules, V4-P538 


selection of: location, V4-P514 


starting & contro] of prime 
movers, V4-P535 
steam turbines for, V4-P526 
steam cycle, V4-P525 
* views of plants, 
V4-P515-P520 
water wheels & turbines, 
V4-P533 
Generators, A. C., V4-P87-P112 
cooling of, V4-P99 
principles of, V1-P160, 
V5-P10 
Generators, automotive, 
V'-P149-P172 


Deleo Remy (photo), V?-Pr50 

disassembled, V7-P154 

variations in voltage (dia- , 
gram), V7-P155 

charging circuit, V7-P156 

step down charging control, 
V7-P160 

vibrating type (diagram), 
V7-P166 

troubles & remedies, V7-P168 

questions, V7-P172 


Generators, D.C. V3 


armatures for, V3-P16 
reaction, V3-P36 
resistance and IR loss, 
V3-P39 
building up voltage, V3-P33 
brushes for, V3-P18 
bearings in, V3-P23 
compound types, V3-P47 
commutators for, V3-P17 
construction of, V3-P13 
cumulative & differential com- 
pound types, V3-P49 
calculation of Hp for prime 
movers, V3-P57 
correcting wrong polarity, 
V3-P65 X 
differential compound types, 
V3-P52 
equalizer switches, V3-P69 
field frames, V3-P14 
field poles, V3-P14 
failure to build up voltage, 
V3-P34 
flat compound types, V3-P50 
inspection procedure before 
starting, V3-P60 
instrument connections with 
s parallel types, V3-P71 
magnetic circuits, V3-P29 
neutral plane, V3-P35 
operating principles, V3-P27 
over compound types, V3-P50 
operation of, V3-P57-P83 
photos of, V3-P8-P5-P59 
paralleling of, V3-P63 
rule for paralleling, V3-P63 
speeds of, V3-P11 
self excited, V3-P32 
shunt—-characteristics of, 
V3-P41-P42 
series, V3-P44 
starting, V3-P61 
starting, paralleling & adjust- 
ing loads in, V3-P72 
testing, adjusting & com- 
pounding of, 
V3-P67-P68 
types of drives for, V3-P12 
voltage drop in brushes & 
lines, V3-P40 * 
voltage adjustment, V3-P35 
voltage characteristics of 
series types, V3-P45 


Governors, engine, diagrams, 


V7-P381-P384 


vacuum type Diesel, 
V7-P384 
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Grades, oil, V7-P473 

Gravity, fuel oil, V7-P399 
specific, V7-P218 

Grid, battery plate, V7-P206 
bias, V6-P328 

Grilles, air conditioning, 

V6-P291 

Growler, V5-P175 
construction of, V5-P178 
operation and use of, V5-P68 


H 


Headlights, dimming of, 
V7-P178 
Head pressure, refrigeration, 
V6-P180 
condenser temperature 
chart, V6-P178 
Heat, V1-P4 
latent, V6-P13 
transfer of, V6-P21 
utilization of, V7-P463 
Heating, load caleulation, air 
conditioning, V6-P287 
methods of, V6-P13 
spark plug, ranges of, V7-P53 
Hermetic refrigeration units, 
V6-P40 
High side charging, V6-P202 
Hoists, contro! of, V3-P302 
lowering chart, V3-302 
Holders, brush, reaction type, 
V3-P22 
Home lighting, V2 
bathrocm, V2-P367 
hedrooms, V2-P364 
dining room, V2-P362 
living room, V2-P355 
kitchen, V2-P365 
porches, attics, basement and 
garage, V2-P369 
questions, V2-P370 
Horns auto, construction, 
V7-P143 
relays (diagram), V7-P143 
Household appliances, 
V2-P419-P475 
Housings, Diesel engine, 
V7-P495 
magneto breakers, V7-P104 
Humidistat, V6-P271 
Hydrometers, V7-P220 
Diesel types, V7-P397 
Hygrometers, V6-P266 


I 


Ice cream freezing unit, Mills, 
V6-P122 
diagrams, V6-P240 
units. V6-P238 
Ignition, V7-P35-P66' : 
condensers, V7-P41 
definitions of, V7-P35 
double or dual, V7-P67 
missing—remedy, V7-P87 
locks, V7-P74 
rules, V7-P61 
spark oil injection, V7-P342 


Ilumination, V2-P209-P229 
controlling lights with 
reflectors, V2-P231 
classes of units, V2-P240 
coefficient of utilization, 
V2-P248 
depression factor, V2-P241 
early lights, V2-P209 
Edisons incandescent lamp, 
V2-P210 
effect of voltage on life and 
efficiency of lamps, 
V2-P219 
experiments, V2-P229 
foot candles, V2-P223 
factory lighting, V2-P257 
good lighting principles, 
V2-P213 
lamp life rated voltages, 
' V2-P218 
lumens, V2-P222 
light reflection, V2-P231 
measurement, V2-P225-P226 
mounting height, V2-P248 
mercury vapor lamps, 
V2-P345-P354 
nature of light, V2-P211 
office lighting, V2-P259 
practical problems, V2-P250 
* questions, V2-P230 
reflectors, V2-P214 
recommended foot candle 
intensities for various 
installations, 
V2-P252-P2565 
8pacing distance, V2-P249 
types of incandescent lamps, 
V2-P215 
inverse square law for, 
V2-P228 
units of measurement, 
V2-P220 
wave frequencies, V2-P212 
working plane, V2-P247 
Impedance, V6-P311 
calculation in A.C. series 
circuit, V4-P44 
formula, V 4-P46 
Impulse, power, V7-P20 
Indicators, demand type, 
V3-P188 
Induced electric pressure, 
V1-P155 
magnitude of, V1-P159 
Inductance, V4-P27 
calculating, V4-P35 
in A.C. circuits, V4-P8 
summary, V4-P42 
Indvetion coils, V1-P168 
effect of, V7-P42 
Injection, Diesel timing, 
V7-P370 
indirect, pre-combustion, 
V7-P389 
fuel pump, V7-P398 
Installation and maintenance 
A.C, equipment, V4-P657-P706 
air gaps, V4-P698 
measurement, V4-P667 
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BX and non-metallic cable, 
V2-P181 
running wires in difficult 
places, V2-P182 
conduit and conductors, 
V2-P184, V4-P655 
control and switching equip- 
ment, V4-P652 
controllers, V4-P722 
dielectric testing, V4-P714 
estimating, V2-P188 
final tests, V2-P187 
fire protection, V4-P727 
generators and motors, 
V4-P651 
inspection and maintenance 
record, V4-P664 
insulation tests with megger 
V4-P713 
keys, keyways, pulleys, and 
wears, V4-P695 
knob & tube wiring, V2-P180 
locating light and switeh 
outlets, V2-P179 
and cutting outlet box 
openings, V2-P182 
methods, V2-P179-P187 
overload and single phasing, 
V4-P710 
overheating, reasons for, 
V4-P711 
precautions, installation, 
V2-P185 
starting machines, V4-P718 
pulling wires, V2-P187 
refrigeration, market type, 
: V6-P142 
remote type, V6-P111 
shafts, V4-P712 
secondary resistance 
troubles, V4-P700 
single phase motor troubles, 
V4-P715 
safety precautions, V4-P671 
tests to locate faults in secon- 
dary resistors, V4-P703 
testing single phase motors, 
V4-P717 i 
tools & instruments, V4-P668 
transformers, V4-P659 
use of test instruments, 
V4-P720 
Instruments, connecting, 
V4-P70 
Instruments, connecting, V4-P70 
electrodynamometer, V5-P185 
hot wire types of, V5-P196 
induction types of, V5-P190 
moving iron type, V5-P181 
Thompson inclined coil, 
V5-P184 
Insulation, electric, V2-P9 
coil and slot, V5-P26 
heat resisting, V5-P27 
‘leaky, V7-P189 
varnighed cloth, V5-P27 
thermal, building, V6-P295 
chart, V6-P80 
Insulators, types of, V1-P8 
Internal combustion, def., V7-P3 


Interpoles, V3-P90-P100 
adjusting by changing air 
gap, V3-P95 

adjustment of brushes, 
V3-P94 x 

commutation on motors, 
V3-P97 

number of, V3-P100 

polarity for generator, V3-P92 

position neutral plane in 
motors, V3-P98 

reversing rotation, V3-P100 


K 


Kelvinator, rep. ind. motor 
parts, V6-P213 
single cylinder compressor 
parts, V6-P159 
Kelvinator, 2 cylinder compres- 
Sor parts, V6-Pl61 


L 


Lagging, caused by inductance, 
V4-P83 
Lamps, V2-P209-P229 
IES student, V2-P358 
mercury vapor, V2-P347 
telephone switchboard, 
V1-P360 
Lapping, bellows ring, V6-P168 
discharge valves, V6-P166 
how to hold bellows (photo), 
V6-P167 
seal rings, V6-P164 
shaft seals, V6-P164 
valve seat, V6-P170 
Law, Ohm’s, V1-P43-P52 
Lead-acid cells, V7-P201 
burning, V7-P284 
plate cells, V7-P203 
Levers, carburetion, V7-P14 
Light, V1-P4 
Lighting, automotive, 
V7-P173-P200 
complete wiring systems, 
V7-P191 
Chrysler diagram, V7-P197 
dome & dashboard, V7-P181 
equipment, V7-P173 
flickering & flaring of, 
V7-P184 
Ford V8 wiring diagram, 
V7-P198 
headlizhts fail, V7-P183 
diagram, V7-P175 
leaky insulation, V7-P189 
magnetic circuit breaker, 
V7-PI87 
Packard wiring diagram, 
V7-P194 
questions, V7-P199 
short circuits, V7-P186 
switches (photo), V7-P179 
testing procedure, V7-P185 
troubles in systems, V7-P182 
wiring diagrams, V7-P192 
Lighting, building, V2 
bays for, V2-P250 
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factory, V2-P257 
office, V2-P259 
show window, V2-P262 
counter, V2-P266 
aviation, V2-P326 
flood, V2-P315 
motion picture, V2-P324 
post type units for, V2-P321 
suspension type units, 
V2-P319 
street, V2-P318 
home, V2-P354-P370 
Lightning, V1-P177-P178 
rods, V1-P180-P184 
Liquid line, filters in, V6-P195 
troubles in, V6-P194 
Loads electrical, V2-P160, 
V3-P53 
radio, plate circuit, V6-P330 
Locks, ignition, V7-Pi4 
Locomotive, V3-P3 
Low power factor, causes of, 
V4-P61 , 
side charging, V6-P200 
Lubrication, V7 
amount of oil needed, 
V7-P471 
grades of oil, V7-P473 
mechanical aspects, V7-P470 
oil foaming—cleaning, 
V7-P477 
systerhs diesel (photo), 
V7-P467 
Lugs, cable, V2-P37 
Lumens, V2-P222 


M 


Magnetic circuit, units, V1-P144 
c.g.s. system, Vi-P149 
fields, around coils, V1-P136 

action of, VI-P121 
forces between wires, V1-P138 
lines around conductor, 
V1-P133 
of force, Vi-P119 
materials, V1-P124 
properties of, V1-P122 
starters, V3-P265-P272 
Magnetism, earth’s, V1-P118 
consequent poles, V1-P130 
shields, V1-P129 
permeability, V1-P126 
reluctance, V1-P126 
artificial, V1-P115 
attraction & repulsion, 
V1-P117 
Magnetos, V7-P95-P124 
Bosch (diagram), V7-P113 
breaker mechanism, V7-P103 
circuits, V7-P101l 
collapse of flux (diagram), 
V'-P97 
operating principles of, 
V'T-P97 
disassembly of, V7-P112 
ground brush ignition switch, 
V7-P103 
high tension (diagram) 
V'-P115 


high tension, V7-P95-P96 
rotating magnet, V7-P116 
2 pole Scintilla, V7-P116 
parts—sectional view, 
Vi-P108 
Wico—EK, V7-P117 
safety gaps, V7-P101 


Magnets, VI 


compound, V1-P130 

compass test for polarity, 
V1-P131 

effect of air gap, VI-P128 

lifting power of, V1-P148 

poles, V1-P117 

natural, VI-P115 

pulling strength of, V1-P127 

testing coils for faults, 
V1-P152 

winding & repair, V1-P150 


Maintenance, Diesel, 


V7-P501-P522 


Maintenance, electrical, 


V3-P321-P365 
eare of overload—protective 
devices, V3-P339 
care of controllers, V3-P338 
checking chart DC & AC 
motors, V3-P328 
faulty bearings, V3-P324 
importance of cleaning, 
V3-P321 
mica undercutting, V3-P334 
resurfacing & truing commu- 
tators, V3-P337 
recommended practices, 
V3-P327 
schedule, V3-P359-P365 
trouble shooting, 
V3-P340-P346 
(a) motor won't start 
(b) starts too quickly 
(c) rotation reversed 
(d) bucking or jerking 
(e) overspeeds 
(f) sparking at brushes 
(g) generator troubles 
(h) poor voltage regulation 
(i) generators will not 
operate in parallel 
(j) systematic testing 
trouble correction chart, 
V3-P330-P331 
tools needed for, V3-P354 
use of test lamps, buzzers & 
magnets, V3-P348 


Manifolds, V7-P8 
Measurement, high-voltage, 


V4-P81 
power, V4-P70-P&6 
power in single phase 
circuits, V4-P71 
3 meter methods, V4-P82-P83 
3 phase circuits, V4-P75 


Meat market refrigeration 


installation, V6-P158 


Mechanisms, drive, Bendix, 


V7-P130 


Megger, V3-P193-P195 
Mercury switches, V6-P237 


photo, V6-P235 
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Mercury vapor lamps, characteristics, V4-P259 


V2-P345-P354 
care & maintenance of, 
V2-P351 
operating voltage, V2-P351 
installation of, V2-P350 
circuits & operation, V2-P348 
foot candles in, V2-P224 
direct reading type, V2-P227 


Meters, ammeter (photo), 


V1-P20 
changing for higher or lower 
readings, V3-P161 
contbination portable ammeter 
and voltmeter, V3-P151 
connections, V4-P72 
frequency types, V5-P219 
construction of A.C. types, 
V5-P93. 
direct-current, V3-P1465-P198 
damping of needles, V3-P150 
eleetrie tachometer, V3-P149 
electrostatie voltmeter, 
V5-P197 
frequency types, V5-P213 
film thickness gage, V3-P149 
operating principles, ammeters 
and voltmeters, 
: V3-P147 
portable refrigeration serv- 
ice, V6-P154 
Power factor type. V5-P210 
types of A.C., V5-P181 
vibrating reed type, 
Vb5-P214 
wattmeter adjustments, 
Vb-P203 
Pyrometer, V7-P447 
switchboard type voltmeter, 
V3-P152 
special measurements, how 
made, V3-P148 
tests, V4-P83-P84 
types of, V3-P145 
vibration. velocity type, 
V3-P149 
viscosimeter, V3-P149 
viscosity, V7-P474-P476 
watthour types, V3-P171-P185 
wattmeter, A.C., V5-P188 


Methods, soldering connections, 


V6-P118 
speed, D.C. motors, V3-P240 


Methyl chloride, V6-P89 


formate, V6-P94 
Mills Novelty Co. ice cream 
à freezing unit, V6-P240 


Mixer, food, V2-P444 
Motion picture lighting, 


V2-P324 


Motor driven appliances, 


V2-P419-P465 


' Motors, alternating-current, V4 


application of slip ring, 
V4-P307 y 
BTA photo, V4-P335 
variable speed, V4-P332 
construction features, 
V4-P258 


condenser type split phase, 
V4-P273 
controlling speed—induction 
motors, V4-P294 
connections, V4-P337 
double squirrel cage, V4-P331 
efficiency & power factor, 
V4-P265 
effect of secondary resistance 
on starting torque, 
V4-P302 
Flynn Weichel, V4-P336 
Hp—voltage & frequency 
ratings, V4-P267 
internal resistance, V4-P301 
polyphase, V4-P285-P288 
power factor—AC, V4-P292 
portable type for farms, 
V4-P341 
photo Flynn Weichsel, 
V4-P339 : 
procedure for starting with 
compensator, V4-P478 
repulsion—induction, V4-P280 
compensating windings, 
V4-P278 
operating principles, 
V4A-P278 
rotor construction, V4-P271 * 
split phase, V4-P270 
single phase, V4-P269 
slip, V4-P262 
shaded pole, V4-P274 
split phase principles, 
V4-P271 
series & universal, V4-P282 
slip ring characteristics, 
V4-P302 
starting & speed control, 
- V4-P298 
slip ring types, V4-P296 
squirrel cage types, V4-P289 
starting single phase types, 
V4-P283 
synchronous, V4-P309-P328 
starting current slip ring, 
V4-P305 
synchronous—construction, 
V4-P310 
special AC, V4-P327 
enclosed types, V4-P340 
torque, V4-P263 
3 phase types, V4-P287 
types for ships, V4-P342 


Motors, appliance, V2 


capacitor type, V2-P445-P451 

removing from appliances, 
V2-P456 

split-phase, V2-P445-P451> 

speeds, V2-P455 

synchronous, V2-P454 : 

universal series wound, : 
V2-P445-P451 


Motors, armature winding of, V5 


changing speed, V5-P150 

high resistance grounds, 
V5-P164 

induction, changing voltage, 
V5-P139 
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principles, 3-phase types, 
V5-P109 
reversed phase, V5-P170 
Motors, direct-current, 
V3-P199-P235 
armature poles, V3-P201 
armature resistance necessary 
when starting, V3-P211 
brake Hp test for, V3-P229 
characteristics, V3-P313 
counter EMF, V3-P209 
compound differentials, 
V3-P223 
compound, speed regulation & 
applications, V3-P222 
compound types of, V3-P221 
elevator, V3-P4 
effect of counter EMF on 
motor speed, V3-P212 
direction of rotation, V3-P209 
efficiency calculations, 
V3-P233-P234 
efficiency tests, V3-P232 
Hp calculations, V3-P231 
operation of, V3-P199 
rotation of, V3-P200 
ratings in ampere Hp. 
V3-P207 
speeds & hp. V3-P265 
shunt—speed regulation, 
V3-P216 
stalling torque, V3-P215 
starting torque, V3-P214 
types of, V3-P213 
speed regulation & control, 
V3-P206 
series—starting torque, 
V3-P217 
series types, V3-P216-P218 
series— speed control, V3-P219 
stopping of motors, V3-P249 
types of DC. motors, V3-P203 
torque, V3-P201 
Motors, refrigeration, V6 
capacitor type, V6-P214 
drive, capacitor type, V6-P77 
capacitor type with overload 
relay, V6-P213 
common troubles, V6-P211 
GE—diagram, V6-P215 
running hot, V6-P149 
with thermotron, V6-P215 
Motors, starting, V7 
automobile engine, V7-P128 
Diesel engine, V7-P411 
Mueller Brass Co. snap action 
valve, V6-P232 
Mufflers, Diesel, Burgess Battery 
Co., V7-P439 
Multi-cylinder engines, V7-P30 
Multiple refrigeration units, V6 
commercial systems, 
V6-P223-P248 
diagram, V.6-P228 
general types, V6-F231 
installations, service, V6-P223 
Multiplex windings, V5-P59 


N 
Neon signs, V2-P371-P385 
construction of, V2-P372 
electrodes for, V2-P375 
flashers for, V2-P382 
gases used in, V2-P374 
transformers used in, V2-P379 
troubles in, V2-P383 
tubing, V2-P376 . 
voltages & current, V2-P377 
Network, how to find a, V1-l'62 
Neutral plane, V5-P61 
Neutralizing worthless refriger- 
ant, V6-P 353 
New batteries, charging 
methods, V7-P298 
Nickel-iron cells, care of, 
V'-P310 
characteristics of, V7-P305 
charging of, Vi-P308 
Non-magnetic materials, 
V1-P124 
Nozzles, disassembly, V7-P368 
injector, Caterpillar Tractor 
Co., V7T-P392 
open type Diesel, V7-P369 


o 


Ohm's law, V1-P43-P52, V4-P24 
applying, V1-P48-P52 
Oil burner, V2-P428-P430 
ignition, V2-P430 
motors for, V2-P430 
safety controls, V2-P432 
Diesel engine, amounts and 
grades, V7-P471 
cleaning, foaming, V7-P477 
refrigeration, V6-P96 
amount needed, V6-P98 
charge, V6-P191 
fitting for adding, V6-P193 
switches, V4-P625-P640 
heavy duty types, V4-P630 
high tension types, V4-P635 
photos, V4-P633-P640 
Openers, door, magnetic, 
V1-P222 
Operation, Diesel engines, 
V'1-P511 
internal combustion engines, 
Vi-P3 
Order, firing, V7-P344 
Ordinances, refrigeration, 
V6-P233 
Overhead valves, V7-P18 
Overheating, engine, causes, 
V7-P444 ` 


P . 


Packard wiring diagram, 
V7-P194 
Parallel A.C. circuits, V4-P49 
connections, V1-P52-P61 
wires, magnetic forces 
between, V1-P135 
Paralleling generators, V3-P63 
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Parts, 4-cylinder engine, V7-P24 
frequency modulation 
receiver, V6-P358 
repulsion-induction motor, 
V4-P280 
Pentode tubes, V6-P336 
Permeability, magnet, V1-P126 
Phantom circuit diagram, 
V1-P399 
Phasing, V4-P113-P116 
lamp bank method, V4-P114 
motor method, V4-P116 
Photos, A.C., V4 
motors, V4-P7 
power lineg V4-P2 
stator, V4-P98 
steam driven alternator, 
V4-P129 
mercury arc rectifier, V4-P407 
Photos, armature winding, V5 
armature, D.C., V5-P7 
armature completely wound, 
V5-P44 
electro-static voltmeter, 
V5-P198 
growler, V5-P176-P179 
method of starting first coil 
for a stator winding, 
V5-P120 
parts of AC induction 
motor, V5-P94 
sectional view squirrel 
cage motor, V5-P96 
squirrel cage rotor, V5-P96 
single phase stator, V5-P101 
stator winding with varnish, 
V5-P160 
switchboard type wattmeters, 
V5-P190 
synchroscope, V5-P226 
3 phase watthour meter, 
V5-P209 
winding armatures, 
V5-P124-P130 
watthour test meter, V5-P208 
Pinion, starter (photo), V7-P133 
Pistons, defective, V6-P167 
Diesel, V7-P389, P479-P481 
Plants, Allis Chalmers Diesel, 
Vi-P405 
Plates, battery, V7 
buckling, V7-P269 
replacing defective, V7-P282 
forming of, V7-P208 
paste formula, V7-P207 
pasted, V7-P204 
grid, V7-P204-P206 
presses (photo), V7-P270 
storage batteries, V7-P201 
Plugs, spark, selection, V7-P51 
Polarity, V1-P31 
Poles, field, V3-P14 
Posts, terminal, V7-P293 
Potential, constant, charging, 
V7-P262 
Power factor, V4 
example of low, V4-P62 
explanation & examples of, 
V4-P345-P377-P59-P68 


table of condenser sizes, 
V4-P371 
use of synchronous motor for 
PF correction, V4-P369 
graphic solution, 
V4-P363-P365 
field problems, V4-P67-P68 
P360 
selection of corrective 
equipment, V4-P358 
Power, current in 3-phase 
circuit, V4-P67 
field problems, V1-P75-P76 
formulas for, V1-P71-P72 
line drop, V1-P77-P79 
loss, V1-P79 
measurement of, V4-P70-P86 
power and energy, 
V1-P68-P79 
single-phase circuits, V4-P65 
supply, radio, V6-P366 
three-phase circuits, V4-P66 
Power transmission, 
'V4-P541-P580 
bushing installation, V4-P578 
conductors used in: V4-P554 
cable handling & splicing, 
V4-P551 
chart of methods of tying 
wires, V4-P566 
fastening conductors, V4-P563 
insulators, V4-P558 
strain type of, V4-P572 
overhead, V4-P552 
putting in underground 
cable, V4-P548 
pin type insulators, V4-P560 
pillar type insulators, V4-P568 
system layout, V4-P545 
suspension type insulators, 
V4-P569 
table for sizes insulated 
wire, V4-P555 
table for voltages, V4-P553 
table for conductor data 
(bare), V4-P557 
copper, V4-P556 
underground cables, V4-P549 
underground systems, 
V4-P547 
Preparation, storage battery, 
V7-P295 
Presses, battery plate, V7-P270 
Pressure cycle, constant, 
V7-P387 
electric, difference in, 
V1-P30-P32 
refrigeration, balancing, 
V6-P205 
difference in, V6-P18 
gauges, V6-P17 
low side, V6-P186 
temperature relations, 
V6-P87, P185 
Primary breaker points, 
V7-P55-P60 
cells, V1-P88 
Edison type, V1-P93 
circuits, ignition, V7-P109 
Prony brake, V3-P230-P231 
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Psychrometers, chart, V6-P270 
Pulling cylinder sleeves, 
V7-P509 
Pumps, fuel, dismantling, 
V7-P362 
injection system, V7-P398 
variable stroke Diesel, 
V'-P359 s 
Purging, air, from unit, V6-P206 
valve for, V6-P171 
Pyrometers, Diesel, V7-P422 
thermo-couple (photo) 
V'1-P444 


Questions 

air conditioning, V6-P276- 
P304 

alarm circuits, V1-P296 

alternating current, V4-P25, 
P58, P86, P112. P133, 
P171, P202, P232, P256, 
P284, P308, P344, P377, 
P399, P421, P449, P475, 
P511, P540, P580, P604, 
P623, P650, P674, P706, 
P732 

armature winding, V5-P24 

battery, V7-P226, P251, 
P277, P314 

carbon brushes, V3-P116 

changing motor speed, 
V5-P154 

coils, V5-P130 

Diesel engine, V?-P346, P386, 
P410, P465, P492, P512 

generators, V3-P25, P55 

insulating varnish motor 
troubles, V5-P180 

lighting, V7-P199 

maintenance, V3-P365 

Meters, V3-P169, P198, 
V5-P205, P230 

motor starting, V3-P239 

motors, V3-P235° 

refrigeration, V6-P26, P47, 
P80, P99, P120, P156, 
P210, P248 

relays, V1-P244 

running and starting 
windings, V5-P105 

signa) systems, V1-P210, 
P270, P321 

speed control, V3-P240 

starters and controllers, 
V3-P264, P306 

switchboards, V3-P143 

telephony, V1-P347, P375, 
P401 

three wire systems, 
V3.-P83, P143 

troubles in armatures, V5-P81 

wave windings, V5-P50 


R 


Raceways, metal, V2-P102 

Radio, V6-P305-P372 
antennas, V6-P309 
couplings, V6-P319 


detectors, V6-P343 
diode rectifier, V6-P324 
elements, V6-P305 
feedback, V6-P365 
frequency modulation, 
. V6-P355 
grid. bias, V6-P328 
impedance, V6-P312 
reactance, V6-P311 
resonance, V6-P313 
reception, V6-P306 
selectivity, V6-P317 
symbols, V6-P310 
tubes, V6-P322-P328 
tuning, V6-P314 
transmission, V6-P306 
Rate, charging, V7-P255 
adjusting, V7-P153 
Reactance, V6-P311, V4-P35 
capacity, V4-P39 
Receivers, radio, complete, 
V6-P341 
superheterodyne. V6-P350 
three-tube, V6-P340 
refrigeration, trouble, 
V6-P194 
telephone, V1-P334 
Receptacles, V2-P138 
Reception, radio, V6-P307 
Recharging, refrigerator, 
V6-P183 
Rectifiers, V4-P379-P398 
bulb type of, V4-P386 
construction & care of, 
V4-P385 
copper oxide, V4-P394 
connections & circuits, 
V4-P413 
cooling installations, V4-P409 
electrolyte types, V4-P382 
fullwave bulb types, V4-P390 
half wave & full wave 
types, V4-P383 
Kenotron, V4-P393 
mercury arc starting 
principles, V4-P402 
operation, V4-P380 
power, V4-P406 
voltage, efficiency & power 
factor, “V4-P418 
wiring circuits bulb type, 
V4-P391 
Reference point, def., V1-P39 
Reflectors, V2-P214 
mirrored glass, V2-P235 
opal glass, V2-P237 
prismatic, V2-P237 
Refrigerants, V6-P81-P84 
common, V6-P81 
transferring from drums, 
V6-P203 
types of, V6-P83-P86 
Refrigeration, V6 
absorption type, 
V6-P101-P105 
by evaporation, V6-P23 
cabinets, V6-P78 
condensers, V6-P57-P60 
centigrade-Fahrenheit 
comparison, V6-P12 


p 
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capillary tube, V6-P71 
eycles, V6-P27-P49 
Kelvinator, (photo), V6-P39 
definition, V6-P5 
evaporation on temperature, 
V6-P15 
gauges, V6-P17 
GE unit (photo), V6-P3 
growth of field, V6-P4 
heat absorption (diagram), 
V6-P11 
heat methods, V6-P11 
transfer, V6-P11 
installation of, V6-P108 
large size domestic units, 
V6-P132 
lubricating oils, V6-P81-P84 
multiple systems, V6-P44 
nature of heat & cold, V6-P8 
opportunities in field, V6-P121 
operation, V6-P49-P80 
parts, construction & opera- 
tion, V6-P49-P80 
pressure & boiling point, 
V6-P16 
principles of, V6-P3-P9 
(photo) Worthington Pump 
$ Co., V6-P24 
General Electrie Co., 
V6-P30 
York Ice Machine Co., 
V6-P6 
receivers, V6-P177 a 
refrigerants, V6-P81-P84 
sensible and latent heats, 
V6-P13 
systems and cycles, V6-P27 
two-temperature types, 
V6-P43 
Refrigerator, meat market, 
V6-P222 
grocery display case, V6-P222 
motor and cabinet troubles, 
V6-P211-P223 
service procedure, 
V6-157-P210 
Regulation, third brush, 
V'i-P151 
Regulator, automatic operation 
of, V4-P108, P214 
induction, operating principle, 
V4-P211 t 
voltage of, V4-P250 
vibrator type service, V7-P166 
Relation, voltage, current and 
resistance, V1-P40-P42 
Relays, A.C., V4-P643-P648 
Relays, D.C., V1-P228-P243 
adjustment & care of, V1-P241 
alarm circuits, V1-P276-P296 
burglar alarm, V1-P236-P237 
circuits of, V1-P225-P228 
Clapper type of, V1-P225 
holding combination type, 
V1-P276 S 
Dixie type of, V1-P225 
double circuit holding type, 
V1-P273-P274 
drop or constant ringing type, 
V1-P228 


ground circuits, V1-P238 
open circuit holding type of, 
V1-P272 
open, elosed, double circuit 
types of. V1-P235-P236 
Pony type of, V1-P224 
3 section alarm, V1-P274 
terminals & connections, 
V1-P253-P254 
telegraph systems, V1-P238 
terminal tests, V1-P240 
Western Union type of, 
V1-P223 
Reluctance, magnet, V1-P126 
Repairs battery, V7-P279 
rotary compressor, V6-P169 
Replacement parts, V6 
mercury switch controls, 
V6-P235 
repulsion-induction motor, 
á V6-P218 
receivers, V6-P177 
condensers, V6-P177 
cold control units, V6-P174 
evaporators, V6-P177 
compressors, V6-P173 
motors, V6-P173 
condensing units, V6-P173 
Residual magnetism, V1-P140 
Resistance, capacity and induc- 
tance in series, V4-P48 
determination of, V4-P74 
effect of length, V1-P33 
ignition coil, V7-P44 
in parallel with inductance, 
V4-P50 
internal, V7-P309 
Resonance, V6-P313 
Restaurant refrigeration instal- 
lation, V6-P226 
Retainers, battery, V7-P214 
Rheostats, exciter and alterna- 
tor, V4-P106 
Rings, brush. rocker type, 
V8-P21 
Diesel engine, V7-P481 
worn & clearance, V7-P503 
refrigeration compressor, 
defective, V6-P167 
tests of, V6-P198 
Rocker arms, diagram, V7-P6 
Rods, connecting, Diesel, 
V7-P483 
‘ lightning, V1-P180-P184 
push, diagram, V7-P6 
Rooms, cold storage, V6-P25 
Rotors, V4-P102, V5-P96 
Rules, Diesel engine starting, 
V7-P492 
ignition timing, V7-P61 


S 


Safety rules, refrigeration, 
V6-P204 
Scavenging, Diesel engine, 
Y V7-P436 
Seal rings, lapping of, V6-P164 
Secondary cells, V1-P88 
circuit, V7-P109 
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Selection, spark plug, V7-P61 
Self-induction, V4-P28 
Semi-diesel engine. V7-P339 
Sensible heat, V6-P13 
Separators, battery. V7-P211 
isolators, V7-P214 
retainers, V7-P214 
wood, V7-P212 
Series generator, V3-P44 
Servel Mfg. Co., lapping, 
V6-P170 
photo, V6-P138 
Service, battery, V7-P273-P275 
drums, refrigerant, V6-P204 
rules for handling, V6-P204 
Service, refrigeration, V6 
bad taste in foods. V6-P153 
compressors, V6-P15% 
condensers, V6-P158 
connections for charging, 
V6-P192 
control switches, V6-P187 
desserts won't freeze, 
V6-P145 
evaporator frosts too much, 
V6-P155 
evaporators, V6-P178 
gauges, correction for testing, 
V6-P190 
ice cubes freeze too slowly, 
V6-P143 
liquid line troubles, V6-P194 
loads, calculation of, V6-P242 
methods of testing, 
V6-P133-P140 
motor runs too fast. V6-P149 
motor troubles, V6-P211 
objectionable odors, V6-P154 
overload button trips out, 
V6-P148 
preliminary observation, 
V6-P124 
personal and mechanical, 
V6-P123 
refrigerator is noisy, V6-P146 
shaft seal troubles, V6-P162 
tools, V6-P224 
valves, care of, V6-P195 
water in cabinet. V5-P151 
Setting, gear, V7-P106 
ignition breakers, V7-P73 
Shaft seals, lapping of. V6-P164 
leak test, V6-P197 
Shafts, cam, diagram, V7-P6 
erank, V7-P487 
Shields, magnetic V1-P129 
Shifts, manual pinion, V7-P132 
Shop equipment, battery, ’ 
V7-P299 
Shunt generator diagram, 
V3-P43 
ammeter, V3-P156 
series field, V3-P46 
Signals, V1 
call system without switches, 
V1-P258 
closed circuit (burglar alarm), 
V1-P266 
common devices, 
V1-P191-P192 


connecting vibrating types for 
series operation, 
V1-P261 
current supply trouble, 
V1-P195 
desk block types. V1-P202 
equipment, V1-P211-P244 
motor generator systems, 
V1-P192 
office call systems, V1-P265 
open circuit systems, V1-P254 
push button switches, 
V1-P202 
return call system, V1-P256 
selective master call systems, 
V1-P259-P260 
selective call circuit, V1-P255 
silent type, V1-P220 
switches, V1-P193-P210 
systems, electric. 
V1-P185-P192 
trouble shooting, V1-P308 
vibrating bell—constant 
ringing, V1-P268 
wirine (nhoto), V1-P197 
Signs, V2-P268-P272 
construction, V2-P270 
flasher circuits, V2-P271 
neon, V2-P371-P385 
questions, V2-P279 
wiring & installation, V2-P276 
Silencers, Diesel exhaust, 
V7-P436 
Sine waves, V4-P16 
Six cylinder engine crankshaft, 
V7-P25 
Sludge, refrigeration compressor, 
V6-P195 
Snap action valves, V6-P229 
photo, V6-P232 
Sodium vapor lamps. V2-P353 
Soldering, V2-P29-P30 
applying solder, V2-P35 
cleaning & tinning, V2-P31 
conducting heat to splice, 
V2-P34 
flux for, V2-P33 
proper method. V2-P34 
Solenoid valves, V6-P229 
photo, V6-P231 
Solenoids. V1-P137 
Sound, V1-P5 
Spark advance and retard, 
V7-P15 
methods of, V7-P59 
plugs, diagrams, V7-P48 
ectional views, V7-P54 
troubles, V7-P80 
Special ignition systems, high 
speed motors, 
V1-P67-P95 
Speeds, engine. V7-P402 
charts, V7-P408 
Splicing, V2-P17-P28 
common types, V2-P17 
diagrams, V2-P20-P26 
Jarge solid wires, V2-P265 
types—pig tail, tap or tee, 
fixture,, V2-P19-P23 
lead covered cable, V2-P39 
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stranded cable, V2-P25 
taping of splices, V2-P41 
Western Union type, V2-P19 
Stage, discriminator, radio, 
V6-P360 . 
limiter, radio, V6-P358 
Star and delta connections, 
V5-P131-P154 
Starters, engine, V7 
auxiliary gasoline diesel, 
VT-P413 , 
automatic adjustment of, 
V7-P138 
controls, V7-P136 
compressed air type, V7-P496 
complete equipment (Fair- 
banks Morse) V7-P425 
diesel systems, V7-P498 
(photo), V7-P494 
Waukesha Motor Co., V7-P432 
Delco Remy, V7-P431 
air system diesel, V7-P420 
air supply for, V7-P418 
failure to start—remedy, 
V7-P428 
mechanical troubles, V7-P140 
electrical troubles, V7-P142 
Starters, motor, A.C. 
V4-P477-P480 
Starters, motor, D.C., 
V3-P237-P272 
automatic, V3-P257 
carbon types, V3-P254 
carbon pile types, V3-P253 
motor starting rheostats, 
V3-P239 
magnetic types, V3-P265-P272 
overload protection, V3-P271 
remote control, V3-P257 
3 & 4 point types of, V3-P246 
time allowance, V3-P238 
Starting motors, V7-P125-P148 
aids for, V7-P421 
low voltage at, V7-P139 
Static, control and protection 
against, V1-P174 
electricity, on belts, V1-P176 
explosion from, V1-P175 
method of control, V1-P174 
Stators, V4-P707-P730, V5-P97 
Stokers, V2-P430-P477 
trouble in controls for, 
V2-P440-P441 
Storage batteries, V7-P201-P315 
cells, Edison, V7-P302 
Stroke, power, engine, V7-P10 
pump, variable, V7-P359 
Studebaker eight cylinder engine 
V7-P127 
photo, V7-P27 
Substations, V4-P581-P604 
combination, V4-P601 
connecting converter station, 
V4-P588 
converter stations, V4-P586 
distribution types, V4-P582 
frequency changer, V4-P596 
mercury arc, types of, 
V4-P600 


motor generator types, 
V4-P591 
photos, V4-P585-P597 
field discharge, V4-P105 
Sulphur dioxide, V6-P85 
Switchboards, A.C. 
V4-P604-P623 
circuit breakers for, V4-P620 
circuits & wiring, V4-P613 
layout for, V4-P611 
operation of, V4-P616 
switchgear, V4-P607 
Switchboards, D.C., 
V3-P117-P123 
bench types diagram, V3-P119 
frames for, V3-P120 
generator or feeder panels, 
V3-P118 
knife switches, V3-P122 
layout & circuits, V3-P138 
locations of meters & switch- 
gear, V3-P141 
pipe frames & their advan- 
tages, V3-P121 
wiring of, V3-P140 
Switchboards, telephone, V1 
connections for, V1-P365 
manual type, V1-P366 
Switches, automobile starter, . 
V't-P134-P135 
Switches, lighting, V2-P122-P36 
double pole, V2-P128 
flush type, V2-P126 
4 way types, V2-P132 
knife, V2-P123 
substituting, V2-P133 ° 
symbols for, V2-P129 
single pole, V2-P127 
3 way, V2-P130 
snap type, V2-P125 
single—double—3 pole, 
V2-P123 
Switches, power, V3 
care and operation, V3-P125 
construction of, V3-P123 
mounting and current 
rating, V3-P124 
types of, V3-P117 
Switches, refrigeration cold 
control, V6-P74 
pencil type, V6-P76 
pressure control, V6-P72 
pressure control setting, 
V6-P73 
Switches, signal, V1-P196-P210 
floor type, V1-P206 
key and lock V1-P206 
multiple key, V1-P209 
thermal and heat, V1-P207 
troubles of, V1-P208 
Switches, telephone, key, 
V1-P360 
Sylphon bellows, V6-P151 
Symbols, building wiring, 
V2-P198 
electrical, V1-P35 
radio, V6-P310, P339-P342 
signal system, V1-P253" 
use of, V1-P189-P190 
switch, V2-P129 
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Synchronizing alternators, 
V4-P118 

ignition, with test lamp, 
Vi-P70 


` Synchronous motors, 


V4-P309-P328 
advantages of, V4-P322 
applications of, V4-P323 
adjusting power factor, 

V4-P320 
connections, V4-P318. 
damper windings, V4-P311 
hunting, V4-P315 
operating principles, V4-P312 
pull out torque, V4-P314 
super synchronous, V4-P324 
starting compensators, 

V4-P321 
starting, V4-P319 

Synchroscope, V4-P123, V5-P221 
installing, V5-P227 
with lamps, V6-P224 
System, auto-electric, V1-P14 
call, V1-P297-P321 
materials for, V1-P305 
trouble shooting, V1-P308 
trouble tests. V1-P303 
duct type, V2-P109-P110 
Edison three-wire, V2-P141 
effects of open neutral and 
unbalanced loads, 

V2-P146 
electricity, V1-P9-P12 
engine cooling, V7-P449 

closed type, V7-P456 
double flow, V7-P455-P457 
open type, V7-P454 
single flow, V7-P453 
thermo-syphon, Vi-P451 
grounding polarized system, 

V2-P156 
ignition, V7-P27 
polarized, V2-P149 

safety feature of. V2-P153 
refrigeration, V6-P27 

apartment, V6-P45 

intermittent absorption, 

V6-P105 

multiple, V6-P44 
signal, door bell, V1-P316 
electric chimes, V1-P318 
emergency wires. V1-P304 
estimating installation 
costs, V1-P312-P313 
flush type equipment, 

V1-P317 

layout of, V1-P299 
materials (photo), V1-P310 
running wires for, V1-P299 
safety rules, V1-P306 
testing for proper wires, 

V1-P302 

tools and supplies, V1-P314 
three-wire, saving copper 
with, V2-P142 
two-wire, V2-P8 
unbalanced, V2-P143 
wiring, V2-P7-P8 


T 


Tables, air change, V6-P281 
air duct sizes, V6-P289 
capacitor KVA for squirrel 

cage motor, V4-P374 
voltage drop, V2-P176 
wire, B & S gauge, V2-P169 
allowable current carrying 
capacity, V2-P171 
Tanks, Diesel auxiliary supply. 
V'T-P379 
fuel oil, Venn Severine Co., 
VT-P371 

Telephony, V1-P328-P401 
automatic, V1-P381-P401 
automatic type principles, 

V1-P377 
dials, V1-P378 
exchange (diagram), 
V1-P386 
relays, V1-P393 
batteries, V1-P337 
bells, V1-P339-P343 ‘ 
cables, V1-P368-P396 
central energy systems, 
V1-P353 
circuits, V1-P349-P352 
current supply, V1-P337 
desk type exchange, V1-P369 
exchanges, V1-P356-P375 
exchange (diagram), V1-P363 
xround circuits, V1-P396 
hook switch, V1-P335 
impulse spring, V1-P379 
induction coil, V1-P337 
(photo), V1-P338 
inter-communication system, 
V1-P374 
(diagram), V1-P353 
jacks and drops, V1-P362 
key switches, V1-P360 
lines, V1-P395 
line banks, V1-P382 
magnetos, V1-P344 
(photo), V1-P345 
manual switchboard, V1-P366 
parts, V1-P329 
automatic type, V1-P385 
phantom circuits, V1-P398 
plugs, V1-P361 
polarized bell, V1-P343 
principles of operation, 
V1-P324 
receivers, V1-P334 
relay (photo), V1-P370 
rural line type diagram, 
V1-P350 
(photo), V1-P349 
selector mechanism, V1-P383 
switchboards (manual opera- 
tion), V1-P357 
connections, V1-P365 
lamps, V1-P360 
transmitters,eV1-P330-P333 
terminals, V1-P368 


transmitting & reproducing 
sound waves, V1-P326 
transposition, V1-P397 
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troubles of, V1-P401 action of, V1-P166 
wiper contacts of, V1-P382 action under load, V1-P166 
Temperature-pressure chart, bell, V1-P193-P196 
V6-P64 construction of, V1-P166 
Terminal posts, battery, purpose and use of, V1-P165 
V1-P298 ratio, V1-P166 
voltage at, V1-P26 Transformers, power, 
Terms, battery, V7-P229 V4-P135-P171 
Test meters, demand, induction, air blast cooling, V4-P148 
V5-P207 advantages star connection 
Testing, armatures, V5-P67 for transmission lines, 
polarity, V5-P140 V4-P191. 
battery, V7-P228 automatic, V4-P207 
galvanometer, V5-P76 advantages current trans- 
ignition troubles, V7-P80 formers, V4-P237 
lighting, automobile, V7-P185 bell ringing types of, V4-P230 
meters and growlers for, construction of, V4-P138 
V5-P230-P244 cooling, V4-P148 
refrigerant leaks, V6-P88 tubes, V4-P152 ` 
split phase motors V5-P171 connecting primary in series, 
tight or worn bearings, V4-P180 
V5-P171 , design chart, V4-P217 
voltage, battery, V7-P231 data, V4-P215 
on-the-line, V7-P232 drying out of, V4-P247 
open circuit, V7-P233 effect of secondary load on 
Thermocouple pyrometers, primary, V4-P165 
V'1-P444 effect of water in transformer, 
Thermometers, battery, V7-P225 V4-P248 
cabinet temperature type, formulas, V4-P221 
V6-P225 4 field problems, V4-P242 
charts for, V7-P236 grounding, V4-P196 
Diesel, V7-P460 insulating bushings, V4-P157 
pocket type, V6-P153 instrument types of, V4-P233 * 
recording type, V6-P237 losses in, V4-P147 
Thermostatic control valve, maintenance & care, V4-P246 
V6-P149 principles of, V4-P160 
valve, pressure type, V6-P175 polarity of leads, V4-P166 
Thermostats, bi-metal, V6-P75 power output, V4-P163 
` bonnet and duct type, paralleling 3 phase, V4-P199 
V2-P425-P426 single phase, V4-P177 
Throttle, auto engine, V7-P14 potential, V4-P239. 
Three-wire systems, V3 i polarity markings & ratios, 
direction & amount of current V4-P236 
in neutral wire, V3-P74 Operating temperatures, 
balancing of unequal loads, V4-P153 
V3-P81 oil cooled types, V4-P149 
effects of shunts & series : open delta connection, 
fields of balancer gen- V4-P193 
erators, V3-P79 ratios & secondary 
motor generator & balancer voltages, V4-P161 
sets, V3-P78 single & polyphase, V4-P144 
balancing, V3-P75 single phase with split 
principle of balanced coil, secondaries, V4-P174 
V3-P76 star & delta connections, 
unbalanced load, V3-P77 V4-P183 
Timing, ignition, V7-P60 Scott type, V4-P205 
magneto to engine, V7-P111 Special types of, V4-P203 
valve, V7-P9 : types of, V4 P137 
Tools, armature winding, V5-P66 2 k E TAA 
flaring tubing, V6-PI16 temperature & load indicator 
wiring, V2-P200 devices, V4-b155 
Torches, blow, V2-P36 tertiary windings, V4-P170 
lead burning, adjustment, testing split phase secon- 
VT-P286 daries, V4-P176 
Torque, series motor, V3-P217 three-phase delta connection, 
stalling, V3eP218 V4-P188 


Train, Diesel electric, V7-P429 four-wire systems, V4-P200 
Transfer, heat, V6-P21 star connection, V4-P184 

refrigerant, V6-P203 star-delta connection, 
Transformers, bell, V1 V4-P189 
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testing secondary leads for 
paralleling single 
phase, V4-P179 
tap changing, V4-P203 
testing of, V4-P250 
windings for, V4-P141 
welding types of, V4-P228 
diagram, V4-P229 
Transmission, radio, V6-P306 
Transmitter, telephone, 
V1-P330-P333 
Traps, burglar alarm, V1-P206 
Triodes, V6-P326 » 
Troubles, armature and 
winding, V5 
common types of, V5-P70 
, faulty coil, cutting out, 
V5-P78 
grounded coil, V5-P74 
commutator segment, 
V5-P76 
one or more turns shorted, 
V5-P165 
open circuit & defective cen- 
trifugal, switches, 
V5-P172 
reversed coil, V5-P74 
reversed connections, 
V5-P168 
reversed connections & 
grounds, V5-P173 
shorted commutator 
segment, V5-P75 
short between coils, V5-P75 
Troubles, automotive elec- 
trical, V7 
armature & slip ring, V7-P121 
breakers, V7-P119 
breaker points, V7-P83 
distributors, V7-P81 
electrical, V7-P79 
ignition coil—primary, V7-P84 
ignition systems in, 
V7-P67-P69 
magnetos, V7-P118 
starters, V7-P139 
spark plugs, V7-P80 
Troubles, building wiring, 
V2-P202-P208* 
Troubles, refrigeration, 
V6-P133-P140 
analyzing,’ V6-P123 
cabinet too cold, V6-P141 
cabinet too warm, V6-P139 
common types of refrigera- 
tion, V6-P131 
compressor, V7-P157 
condenser, V6-P179 
control switch, V6-P178 
desserts do not freeze, 
V6-P145 
evaporator frosts too much, 
V6-P155 
evaporator, V6-P178 
motor, V6-P211 
refrigerator is noisy, V6-P146 
ice cubes freeze but cabinet 
too warm, V6-P144 
motor runs too fast, V6-P149 


overload button trips out, 
V6-P148 
receiver, V6-P194 
shaft seal, V6-P162 
units operate too often, 
Y6-P189 
Tubes, mercury vapor, V2-P345 
Tubes, radio, V6-P322 
beam type, V6-P337 
characteristics of, V6-P334 
pentode, V6-P33 
screen grid, V6-P334 
variable mu, V6-P338 
Tubing, metallic, V2-P93-P94 
refrigeration, V6-P112 
Tuning, radio, V6-P314 
Turbulence, Waukesha Comet 
engine, V7-P391 
Two-phase motors, 
V5-P105-P130 
Two-rate controls, operating 
principle of, V7-P161 
troubles and service, 
V7-P162 
Two-temperature valves, 
V6-P227 
adjustment of, V6-P230 
Barostat, V6-P230 
dry system, V6-P233 
flooded & dry system, 
V6-P233 
flooded system, V6-P233 


U 


Unita, air-conditioning, 

commercial, V6-P298 

size of, V6-P285 

refrigeration 

air cooled absorption, 
V6-P104 

condensing, V6-P28 

condensing, Servel, V6-P42 

evaporator, V6-P31 

intermittent, principles, 
V6-P106 

open, V6-P40 


V 


Valves, refrigeration, V6 
automatic expansion, V6-P67 
connections, charging, 

V6-P192 
purging, V6-P184 
testing, V6-P190 
charging, V6-P171 
control, V6-P66-P69 
float type, V6-P171 
header for, removal of, 
V6-P172 
low side float, V6-P64 
low and high side float, 
V6-P64 
manifold, connections for 
removing, V6-P192 
seat, lapping of, V6-P170 
service type of, V6-P127 
servicing of, V6-P195 
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snap action, V6-P229 
photo, V6-P232 
solenoid type, V6-P231' 
test, V6-P197 
thermo-expansion, V6-P70 
thermostatic control, V6-P175 
two-temperature type, 
V6-P227 
adjustment of, V6-P230 
Valves, engine, V7-P4 
rangement of, V7-P16 
chambers, V7-P6 
diesel (photo), V7-P488-P460 
timing, V7-P9 
throttle, V7-P12 
location of (diagram), V7-P17 
overhead (photo), V7-P18 
Varnish, method of applying, 
V5-P156 
Ventilation, V6-P271-P304 
Ventilators, attic type, V6-P279 
Voltage, V1-P26-P29 
curves, V5-P14 
drop, V1-P27, V2-P163 
table of, V2-P176 
generation of, V5-P11 
terminal, V1-P26 
Voltmeters, V3-P153-P154 
principles of, V3-P147 
Volume controls, radio, V6-P346 
V-type engines, V7-P28 


W 


Wagner motor with overload 
relay, V6-P217 
Water cooler units, V6-P238 
drain baffles, V6-P221 
Watthour meters, V3-P171-P185 
damping disc and magnets, 
V3-P173 
indicating types, V3-P166 
Wattmeters, A.C., V5-P188 
core and coils, diagram, 
V5-P198 , 
induction type, V5-P191 
Wattmeters, D.C, V8 
load demand indicators, 
V3-P187 
recording instrument relay 
type, V3-P183 
"ereeping", V3.P180 
reading of, V3-P178-P180 
constant & time element, 
V3-P176 
compensating coil, V8-P175 
adjusting damping disk, 
V3-P174 
Wave band, V6-P356 
winding, elements of, V5-P48 
Wear, bearings, V7-P505 
Weights, tables of, V7-P406 
Wheatstone bridge, 
V3-P190-P194 
operation and circuit, 
V3-P191 


Windings, banding armature, 
V5-P65 
current flow through a lap 
winding, V5-P35 p 
inserting coils of symmetrical 
wave windings, V5-P46 
insulating varnish for, 
V5-P155 
lap & wave, V5-P33-P50 
lap for A. C., V5-P112 
multiplex, V5-P59 
short circuits, V5-P72 
wave, V5-P43-P50 
wave—-progressive & 
retrogressive, V5.P46 
Wire. V2 
sizes of, V2-P11-P16 
resistance in conductors, 
V2-P168 
resistance of copper per mil 
ft., V2-P170 
table B & S gauge, V2-P169 
current carrying capacity, 
V2-P14 
allowable voltage drop in, 
V2-P172 
conversion of, square mils to 
eir. mils, V2-P165 
Wiring, automotive, V7-P191 
Wiring, light and power, V2 
cleats, V2-P59 
fittings, V2-P60 
conduit fittings, V2-P70 
conduit method of installation, 
V2-P'*0 
calculations, V2-P162 
circular mil, unit of conductor 
area, V2-P164 
feeders, V2-P158 
formula for conductor area in 
wire, V2-P172` 
grounded wires, V2-P64 
insulation, V2-P9 
knob & tube type of, V2-P47 
looms, V2-P49 
materials, V2-P8 
metal systems, V2-P46 
non metal systems, V2-P46 
photos, V2-P12-P17 
polarized systems, V2-P150 
parts, V2-P156 
running the wires, V2-P51 
rigid conduit, V2-P68-P71 
reaming conduit, V2-P72 
splicing, V2-P16 
systems, V2-P7-Pg 
tools, V2-P200 
types of systems, V2-P44-P55 
trough, V2-P110 
voltage drop formula, 
V2-P174 
wood mouldings, V2-P65 
Worn rings, V7-P503 
Worthington Pump Co., com- 
pressor, V6-P212 
Worthless refrigerant, dis- 
charging, V6-P183 
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